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Many of our nation’s sewer systems date back over 100 
years to the 19th century, when brick sewers where 
common.l These and other more recent sewer systems 
can be expected to ultimately fail in time, but because 
they are placed underground, signs of accelerated 
deterioration and capacity limitations are not readily 
apparent until there isa major failure. Sewer pipe failures 
start with cracking, lateral deflection, crown sag and off- 
set joints, as well as by deteriorated mortar and exposed 
reinforcing caused by hydrogen sulfide (H,Sp corrosion. 
Most of whaU the community sees is the inevitable result 
of prolonged neglect, such as cracked pavement, 
collapsed streets, backed-up sewers, streams and 
groundwater contamination or local flooding.’ Proper 
sewer evaluation and maintenance schedules would 
help communities identify the condition of their sewer 
system’s infrastructure, and timely rehabilitation could 
save the community large expenditures required to 
replace the deteriorated sewers, and extend the sewer 
use life. Tables 1-1 and 1-2 indicate the amount of 
money spent for sewer system major rehabilitation 
projects by U.S. EPA under the construction grants 
program.2 In addition tothe construction grants program, 
municipalities and utilities Rave utilized State Revolving 
Funds, Community Development Block Grant and other 
funding options to fund Infrastructure needs. Adequate 
sewer system Infrastructure evaluation and rehabilitation 
is of prime importance as the first step in this effort. 

1.1 Purpose and Intended 

This Handbook provides guidance on the evaluation’and 
rehabilitation of existing sewers. It presents information 
on typical problems, procedures and methods for 
rehabilitation, case study information, budgetary costs, 
advantages and disadvantages of rehabilitation 
techniques, and application of these techniques and 
materials/equipment used in rehabilitation. It alsoguides 
the reader in understanding the importance of, and ways 
for, conducting the sewer system evaluation and 
identifying the rehabilitation procedure that best suits a 
particular problem. By necessity, information contained 
in this Handbook for conducting a sewer system 
evaluation is general and not site-specific. The intent is 

to present sufficient information to enable engineers and 
public decision makers to plan and conduct sewer system 
evaluation and rehabilitation under circumstances which 
might be encountered when dealing with a specific sewer 
system. Because a variety of circumstances are 
encountered in sewer systems, all of the methodology 
presented in this Handbook will not apply to each project. 
It is emphasized that the reader should apply only those 
portions of the methodology that are relevant to the 
specific project under study. 

1.1.1 Definition of Se r System In f~astru~ture 
Sewer system infrastructure conveys wastewater used 
by individuals and by commercial and industrial 
establishments to wastewater treatment facilities, 
ultimately to be returned to the natural environment. 
These systems protect public health and the environment 
and encourage economic development.3 

1.1.2 Importance of ~ a ~ n f a i n j n g  I n f r a s f ~ u ~ f ~ r e  

The primary importance of sewer system evaluation and 
rehabilitation is to 
sewer system for 
from the source to the treatment fa~i l i ty .~ Since the 
passage of Public Law 92-500 in 1972, more emphasis 

on sewer r e h a ~ ~ l ~ a ~ i o n  to reduce the 
placed on the trea%ment plant; from 
tiordinflow (VI). When the integrity of a 

sewer system is allowed to deteriorate, extraneous water 
from l/I sources enter the sewers. These flows reduce the 
capability of sewer systems and treatment facilities to 
transport and treat domestic and in ustrial wastewaters. 
As a result, wastewater treatment processes are upset 
and poorly treated wastewater is discharged to the 
environment. 

System Integrity 

Infiltration occurs when exisling sewer lines undergo 
material and joint degradation an 
as when new sewer lines are 
constructed. Inflow normally occ 
thesewersystemthroughdirect 
leaders, catch basins, rnanhol 
connections. The elimination of 1/1 by sewer system 
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TABLE 1-1 CONSTRUCTION GRANTS FUNDING SPENDING FOR CATEGORY IIIA, MILLION $ (2) 

1978 1979 1980 1981 1982 1 983 1984 1985 1 986 1987 1988 1989 Summary 

EPA REGION lllA lllA lllA lllA lllA IllA IllA IIlA IllA MA IlIA lllA lllA 

I 
I 1  
111 
1v 
v 
VI 
VI I 
VlSl 
IX 
X 

10.08 

0.34 
14.05 
40. 
2.86 
8.84 
7.59 

19.13 
2.42 

___ 65.28 
0.1 3 

34.25 
24.31 
35.67 
15.35 
16.82 
2.00 
2.1 0 
4.83 

10.17 
6.71 
0.36 

1 I .09 
74.21 
41.52 
14.88 
0.57 
2.55 
6.56 

0.65 
4.39 

22.39 
9.32 

13.77 
87.03 
14.44 

10.91 
7.49 

--- 

19.26 
5.97 

11.77 
12.45 
23.47 
9.20 

16.76 

0.72 
6.71 

7.63 
18.44 
51 21 
13.80 
98.21 
44.34 
19.26 

1.40 
0.65 

__I 

28.28 
49.37 
49.87 
23.51 

144.57 
29.24 
3.30 
2.00 
6.03 
4.30 

17.68 
9.58 
2.26 
4.1 8 

104.81 
38.23 
2.55 

--- 
___ 

2.66 

12.29 
22.86 
20.80 
9.71 

40.29 
17.89 
2.55 
0.47 
2.68 
0.1 8 

13.76 
3.32 
4.88 
2.97 
5.41 
7.83 
2.67 

27.81 
6.43 

--- 

0.69 

7.26 
16.44 
33.38 
30.40 
13.31 
2.00 
36 -65 

.49 

--_ 
___ 

3.66 
7.63 

19.70 
6.65 

25.00 
6.1 7 

197.09 
9 20.76 
207.04 
149.43 
694.44 
330.54 
122.03 

8.95 
129.95 
5 

AR’f 160.25 200.73 168.62 170.39 106.31 254.93 330.48 181. 5 129.69 135.06 1 

NOTES: 

hat podion ob the e~i~ible cost of 
ligible administrative, legal, archit 

~tewa~er  rea at men^ construction project ~ ~ n c ~ u ~ i n g  an appropriate portion of ell 
d e n g i n ~ ~ ~ n ~ ,  c ~ n t i n ~ ~ n c ~  and like costs) that is required for the identifi- 

cation of sewer infiltratisn/inflow problems. This can also include costs for a preliminary ~nfi~tration/in~~ow analysis 
or a detailed sewer system evaluation s ~ m m  
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rehabilitation can often substantially reduce the cost of 
wastewater collection and treatment. However, a logical 
and systematic evaluation of the sewer system is 
necessary to determine the cost-effectiveness of any 
sewer system rehabilitation program designed to eliminate 
exfiltration, infiltration and inflow. 

The reduction of 91 can result in a significant reduction in 
hydraulic loading at collection and treatment facilities 
during periods of wet weather, thus lowering capital and 
O&M costs and prolonging the lifetime-capacity of the 
treatment fa~i l i ty.~ Pipeline rehabilitation techniques can 
restore capacity and structural reliability for 30-70 percent 
of the sewer replacement costs. 

1.1.3 Existing Source Documents 
There have been a number of reports published that 
provide information on sewer system infrastructure 
evaluation and rehabilitation. A description of these 
materials is provided in order, starting from the oldest 
dated publication: 

Handbook for Sewer System Evaluation and 
Rehabilitation.4Thisdocument wasprepared to provide 

h6;fl the general guidance and technical information on the 
methodology necGsary for an effective investigation 
and correction of 1/1 conditions in a sewer system. The 
handbook describes the methods for conducting 1/1 
analysis, sewer 
system re imating 
techniques for the rehabilitation methodologies 
mentioned. The handbook does not contain regulate?$ 
requirements to indicate the applicable U.S. EPA 
regulations on existing, new or upgraded systems./" 

ewer System Evaluation, Rehabilitation and New 
A Manual of Practice? This document 

f 3& 
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c / J  

sewer rehabilitation and the design of new systems 
minimize VI. Sewer cleaning equipment and metho 
of sewer inspection are discussed in detail. Factors 
which govern the cost of conducting rehabilitation work 
and an analysis of factors to be considered for each 
rehabilitation method are described. The MOP does 

analysis. There was 

~ethodo~~gies.  

1. 

for consolidatin 

The Handbook for Sewer 
~ e ~ a b i l i t a t ~ o ~  took into awo 

and 1982. 

On the Studies conducted by 
---.2_9.1__-_-- 

1/1 removal rates 

infiltration from 
kc&/ Existing Sewer Evaluation and Rehabilifati~n.~ This for -- those ,,&al;bi 

manual provides guidelines for the evaluation and 
W L f  rehabilitation sf sanitary sewers. It describes the areas. 

purpose and scope of sanitary sewer rehabilitation and 
also provides detailed information to the user 
implementing a sewer rehabilitation program. Major 
emphasis of the manual is on the reduction of 1/1, while 
less emphasis is placed on maintaining the structural 

Currently, new materials of 
techniques 
been 

4 



system rehabilitation. These new techniques are 
described in Chapter 6 of this handbook. 

Y.2.2 Comprehensive Analytical Procedures 
Unique investigative and analytical techniques have 
been developed that should be utilized to obtain reliable 
flow reduction estimates of rehabilitation effectiveness, 
and selection of rehabilitation methods. Measurements 
and separate identification of rainfall induced infiltration 
(RII) is carried out by new methods of evaluating and 
analyzing flow and rainfall data. New techniques such as 
the analysis and understanding of infiltration migration 
phenomenon and improved cost-effectiveness analysis 
procedures have been implemented by many consulting 
engineersto more realistically project 1/1 reduction. These 
new techniques are described in later sections of this 
handbook. Studies conducted by the US. EPA found 
that infiltration sources removed by rehabilitation will 
migrate under certain conditions to unrehabilitated 
10cations.~~~ As a result, the cost-effectiveness analyses 
were made applicable for an entire subarea rather than 
the more conventional individual source approach. 

With the availability of new materialsof construction such 
as polyethylene, PVC and other plastic and durable 
materials described in Chapter 6, coupled with new 
techniques for trenchless pipe installation, sewer system 
rehabilitation has become more cost-effective and easy 
to implement. Consulting engineers, municipalities and 
utilities have started to understand and take into account 
the total water balance of a sewer system, based on 
infiltration, inflow, RII, exfiltration and migration. New 
data and procedures have led to a more realistic 
understanding ofthe limitationsand accuracyof methods 
now employ 'ed . 

1. User's Guide 

This document contains six chapters that provide the 
reader with a condensed summary of pertinent 1/1 and 
SSES evaluation and rehabilitation methodologies. It 
differs from previous documents in that more emphasis 
is placed on state-of-the art technology rather than on 
prescribed regulatory requirements. 

Table 1-3 presents a brief description of each of the six 
chapters of this handbook along with a user profile for 
each chapter. 

1.4 References 

When an NTlS number is cited in a reference, that 
reference is available from: 

National Technical Information Service 
5285 Port Royal Road 
Springfield, VA 221 61 
(703) 487-4650 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Brown and Caldwell. Utility Infrastructure 
Rehabilitation. NTlS No. PB86-N14642, Department 
of Housing and Urban Development, Washington, 
DC, 1984. 

Grants Information and Control System, Sewer 
System Major Rehabilitation Projects, US.  EPA, 
Construction Grants Federal Budget Spending. 

Existing Sewer System Evaluation andRehabilitation. 
ASCE Manuals and Reportson Engineering Practice 
No. 62, WPCF Manual of Practice FD-6. American 
Society of Civil Engineers, Water Pollution Control 
Federation, 1983. _p_ 

Handbook for Sewer System Evaluation a 
Rehabilitation. EPA/430/9-75/021, Municipal 
Construction Division, Office of Water Program 
Operations, Environmental Protection Agency, 
Washington, DC, 1975. 

American Public Works Association. Sewer-System 
Evaluation Rehabilitation and New C n: A 
Manual of Practice. EPN600 NO. 
PB-279248. US. Environmental Protection Agency, 
Municipal Environmental Research Laboratory, Office 
of Research and Development, Cincinnati, Ohio, 
December 1977. 

.. 

- 

RJN Environmental Associates, Inc. National 
Alternative Methodology for Sewer System 
Evaluation, Wellington Suburban Sanitary 
Commission, 1988. 

National Water Well Association, RJ 
Associates, I nc., and Washington Suburban Sanitary 
Commission. Impact of Groundwater Migration on 
Rehabilitation of Sanitary Sewers. 1984. 
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Table 1.3. 

Chapter Description User Profile 

Summary of Handbook Contents 

1. Introduction 

2. Regulatory Requirements 
Requirements 

3. Preliminary Analysis of Sewer Systems 

4. Sewer System Evaluation 

5. Corrosion Analysis and Control 

6. Sewer System Rehabilitation 

Describes purpose, intended audience, 
definition of infrastructure, describes 
source documents, and importance of 
sewer system infrastructure evaluation. 

Provides summary of past U S .  EPA 
regulations relative to roles of state 
and federal agencies; provides matrix 
of state regulations and approval 
requirements for sewer system improvements 

Describes historical and financial 
valuation of sewer 
needs, outlines a 

simplified preliminary sewer system 
and 111 analysis evaluation methodology 
including sources of information and 
required resources, presents flow 
diagram of a sewer system evaluation 
plan, summarizes the basic elements of 
infiltration inflow analysis, including 
the impact of exfiltration and migration 

Describes new techniques and subsystem 
approach to the traditional sewer 
system evaluation, includes planning 
the survey, the physical survey, 
cleaning, inspection and presentation 
of separate infiltration and inflow data, 
cost effective analysis, references 
other source documents for specific 
details and proven technological approaches 

Describes the types and mechanisms of 
sewer corrosion, the importance of 
corrosion to the integrity of the sewer 
system, describes how to plan and conduct 
a sewer system corrosion survey, 
corrosion inspections techniques, 
analytical data required, provides 
methods of rehabilitating corroded 
sewers; methods for predicting 
corrosion and methods of conducting 
corrosion surveys 

Provides the latest information on 
stateaof-the*art sewer rehabilitation 
techniques including a) excavation 
and replacement, b) chemical grouting, 
c) insertion lining, d) inversion 
lining, e) specialty lining, 
f) liners, g) coatings and h) building 
sewers; indudes detailed cost 
estimates for each technique 
along with case histories of successful 
projects. 

* All readers 

Regulatory personnel 
0 City officials 
0 Consulting engineers 
0 Public works directors 
0 City planners 

0 City planners 
0 City officials 

e Sewer system study planners 
e Consulting engineers - Supervisors and staff 

conducting a sewer 
evaluation 
City sewer 

Public works directors 

Public works directors 
Public works officials 

0 Consulting engineers 
0 City managers 
0 Supervisorsandstaff planning 

and conducting sewer 
evaluations 

0 City sewer maintenance staff 

City planners 
City Officials 

0 Consulting engineers 
0 City engineers 
0 City sewer maintenance 

Staff 
Supervisors and staff 
conducting a sewer 
sysaem evaluation 
PuMic works directors 

City managers 
* Public works officials 
0 Consulting engineers 

City engineering staff - Supervisors and staff 
planning and conducting 
rehabilitation projects 

* Contractors 
e Sub-contractors 

Inspectors 
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CHAP 

Regulatory Re 

cal Background 

The Water Pollution Control Act Amendments (Public 
Law 92-506, October 18, 19721, require that the U.S. 
EPA construction the 
condition of their se be 
approved unless it isdocumented that each sewer system 
discharging into such treatment works is not qgbiectto- 

.” This requirement was 
Regulations for Sewer 
CFR35.927). In addtion, 

1/1 anatysisand Sewer System Evaluatiomweys(SSES) 
were required to be condu to 
document IJI, and also to ind ive 
method of rehabilitation required to correct the sewer 
pipe and manhole structure damage.’ 

The MI analysis shaukl document the non-existence or 
possible existence of excessive 1/1 in each sewer system 
tributary to the treatment woks. The analysis should 
identify the presence and type of 1/1 that exists in the 
sewer system including estimated flow rates. The following 
information should be evaluated and included: 

Estimated flow data at the treatment facility, all 
significant overflows and bypasses, and, if necessary# 
flows ts within the sewer system 

e Relati existing population and industrial 
contribution to flows in the sewer system 

geological condiions which may 
affect the present and future flow rates or correction 
msts for the VI 

e A discussion of age, length, type, mater i~~s  of 
construction and known physical conditions of the 
sewer system -. 

The SSES should include a systematic examination of 
the sewer system to determine the specific locations, 

flow rates, method of rehabilitation and cost of 
ion versus the cost of transportation and 

treatment breach defined source of infiltra~ion and each 
flow.’ The resultsof the SSES should 
a report that should include:2 

0 A justification for each sewer section cleaned and 

e Aproposed rehabilitation program forthesewer system 
internally inspected 

to eliminate all defined excessive 111 

and 

The following is a Summary of Federal and State 
Regulations and Guidelines for 1/1 analysis and SSES 
applica~~e under the U.S. EPA construction grant 

The grant applicant must determine the 1/1 conditions in 

rainstorms. if there 

infibation analysis contains two flow 
gpcdof domestic~aseflo~and 4Ogpcd 
~ n ~ ~ r ~ t i o ~ ~  This is a national average based on the results 

ssibiiity of excessive I/ 
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analysis. ~ o ~ l o w ~ ~  the 1/1 study, ai SSES must be 
. The r e s ~ ~ t  of the SSES will allow the city to 

rn to eliminate the 
size the treatment 

u ~ a ~ e  sewer ~ e ~ a ~ ~ l i t ~ ~ ~ o ~  
on of the 1/1 that is excessi 

the roles of the date a d  local agencies will become 
larger. 

ulations which currently (April 
pansion and rehabilitation in 

e U.S. EPA that the 



Tabice 2-1 

CA 

DE 
FL 

H 
18 
ID 
IL 
IN 
KS 
w 
LA 
MA 
MD 
ME . 

I 
N 
0 
S 

MT 
NC 
[UD 
NE 
" 
NJ 
NM 
NV 
NY 
OH 
OK 
OR 
PA 

State Agency Regulations for Sewer System Improvements 

followed for SSES and 1/1 
analysis (GG 85, 10 States) or for expansion 
or r ~ ~ a ~ i ~ ~ a t i 0 n  of existing sanitary 
sewers or lift stations: 

10 States 

Required before 
applying to expand 

1/1 
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Table 2-1, continued. 

RI 
SG 

TX 
UT 

Which regulations must be followed for SSES 
and 1/1 analysis (GG 85, 18 States) or for 
e x ~ a ~ s i o n  or r e h a ~ ~ ~ i t ~ ~ ~ o ~  of existin 

sewers or lift s t a ~ ~ ~ n s ?  

10 States State 

(a) for projects funded by EPA grants, the State Revolving Fund, 

(b) lor expansion or rehabilitation of lift stations. 
(c) for expansion or rehabilitation of sewers. 
(d) for SSES and I// analysis. 
(e) other published texts, manuals or guidelines. 
(S) decision to perform SSES is based on results of i/l analysis. 

ulations or standards. 
(h) for expansion. 
(i) sometimes. 
0) for state funded projects. 
(k) permit to discharge required for expansion of sewers. 
(I) as a guideline. 

or similar programs 



2. Additional Reading 

r is cited in a reference, that Handbook for Sewer System Evaluation and 
Rehabilitation. EPA/430/9-75/021 , Office of Water 
Program Qperat ions, U . S . Environmental Protection 

~e~~~~ is available from: 

i. 

2. 

3. 

4. 

5. 

Agency, 1975. 

Analysis of Acceptable Ranges for Infiltration and Inflow 
Reduction in Sewer System Rehabilitation Projects. 9. M. 
Smithand Associates, EPA, COntract#68-01-6737,1984. 

Handbook of Procedures, Transmitted Memorandum 
89-1, Office of Water, U.S. Environmental Protection 
Agency, 1989. 

R: A 

-279248. U.S. Environmental Prot 

Cortstrucion Grants i985. 
er, US. Environm a! Protection Agency, 

onses to Questionnaires sent 
swiates, August, 1990. 

egulatisns, Tile 40 (4 
I Register, National A 
eneral Services Adm~nistiat~~n, 
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CHAPTER 3 

Preliminary Analysis of Sewer Systems 

3.1 Introduction 

This chapter presents information on how to conduct a 
preliminary sewer system analysis to determine quickly 
and easily if there are serious infiltrationhflow (VI) 
problems, evaluate the extent of these problems, and 
select the approach for further analysisand investigation. 

Before implementing a thorough I/I analysis and Sewer 
System Evaluation Survey (SSES), a preliminary analysis 
of the sewer system aould be conducted to quickly 
establish the degreeof 1/1 in the system. For systems that 
have not been evaluated, the following occurrences 
indicate the need for a preliminary sewer system analysis: 

- Greater than anticipated flows measured at the 
wastewater treatment plant 
Flooded basements during periods of intensive rainfall - Lift station overflows 
Sewer system overflows or by-passes 

0 Excessive power costs for pumping stations 
* Overtaxing of Sift station facilities, often resulting in 

frequent electric motor replacements 
0 Hydraulic overloading of treatment plant facilities 
* Excessive costs of wastewater treatment including 

meter charges levied by sanitary districts or other 
jurisdictional authorities - Aesthetic and water quality problems associated with 
by-passing of raw wastewater 
Surcharging of manholes resulting in a loss of pipe 
overburden through defective pipe joints and eventual 
settlement or collapse 

Corrosion 

0 Odor complaints 
Structural failure 

3.2 Historical Reasons for Sewer System 
is and Evaluation 

are often abated by the construction of relief sewers, 
larger lift stations and treatment plants, and by the use of 
wastewater bypasses throughout the system. This last 
approach, however, often results in untreated wastewater 
flows being discharged into rivers, streams, lakes and 
open ditches which is no longer acceptable as a solution. 
An effective sewer system evaluation and rehabilitation 
plan will be required for effective protection of the 
infrastructure in nearly all cases regardless of the initial 
reasons for the evaluation. 

3.2.1 Regulatory Requirements 
Regulations promulgated as a result of Public Law 92- 
500 require that any engideer or public official concerned 
with the design of improvements to existing sewer system 
infrastructure componentsorwastewatertreatment plants 
become familiar with and follow certain procedures to 
insure that excessive 1/1 was not present in order to 
become eligible for US.  EPA grant funding. 

Although many changes in the regulations have since 
been made, the underlying importance of preserving 
sewer system capacity and structural integrity remains. 
As shown in Table 2-1, many state regulatory officials still 
follow a rigorous state review and approval process for 
improvements to sewer system infrastructure 
components. 

R2*2 Structural Failure 
Wastewater collection system structural failures often 
occur due to H,S crown corrosion, natural ageing, and 
factors such as defective design, excessive overburden, 
soil settlement, and earthquakes. The historical method 
for repairing structural problems insewer systems wasto 
excavate and replace the pipe. With the advent of new 
technologies, described herein, rehabilitation of 
wastewater collection lines has became more cost 
effective and can off en be accomplished without extensive 
excavation and replacement. 

Historically, the evaluation of sewer systems hasoccurred 
because of regulatory requirements to receive Federal 
funding;capacity limitations; structural failure; and indirect 
evidenceof excessive 111 in theoverall system. VI problems 

3.2-3 
With the natural increase in population and industrial 
groMh within a city, the capacityof the wastewater pipes 
often become insufficient. Sewer collection lines and 
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treatment plants become inadequate to handle 
increase in sanitary flows. Without the 

At any given point in time within a sewered community, 
there is acontinuing need to recognize the: 1) valueof the 

excessive VI, existing sewer lines, are unable to carry the \ existing sewer infrastructure; 2) Condition of the system; 
increased flows, thus prohibiting expansion and growth 3) rateofdetesioration;4) cost o~mitigationofdeterioration; 
within the existing tributary area. 2’ 5) estimated remainina service lifetime; and 6) uairnate 

3.2.4 Citizens’ Complaints 
Citizens’ complaints are often reported during periods of 
extensive rainfall because sewers surcharge and cause 
local, area, and residential flooding. When such 
phenomena occur on a regular basis, a preliminary 
analysis of the sewer system is necessav because 
these complaints indicate that the sewer lines exhibit 
excessive amounts of I/t during periods of rainfall. 

3.3 Financial Reasons for Evaluation of 
Sewer infrastructure bleeds 

3.3.7 
Traditional planning of sewer systems has included 
allowances for growth and expansion within specific 
drainage basins or within specific geographical or political 
subdivisions of communities. As existing systems continue 
to expand, however, the demands on the existing sewer 
infrastructure continue to grow and %he capacity and 
condition of existing interceptor sewers, lift stations, and 
appurtenant structures must be continually evaluated. 
During these planning activities, it often becomes apparent 
that existing facilities have experienced deterioration and 
require rehabilitation or replacement to remain serviceable 
and to accommodate the flow of expanding service 
areas. 

Need fo Enlarge Service Area 

Evaluation of many existing systems as a part of federally- 
funded 1/1 and SSES investigations has often shown that 
severedeterioration has occurred, thuscreating additional 
financial pressures for future sewer system planning and 
expansion. Since sewer systems are designed for service 
lifetimes of 30-50 yearsor more and the planning of these 
systems do not normally include replacement financing, 
future expansion and development planning must take 
into account the cost of this replacement The continued 
expansion of existing collection systems normally 
continues until the capacity of the critical components of 
existing collection and treatment systems are reached. 
Because of the high cost of increasing interceptor and 
collection system capacity especially in fully developed 
areas, it is important that 1/1 be minimized and that the 
necessary investment be made over the lifetime of 
existing facilities to preserve their condition and capacity. 
It is for this reason that the major federal funding sources 
for sewer construction have emphasized the importance 
of 1/1 control and protection of Systems from major 
deterioration due to corrosion. 

system capacity. A realistic evaluation of the atmve 
factors is a crucial ~ ~ e r n ~ ~ t  of 
management and a fundamental requirement for effective 
financial planning of sewer s 
improvements. 

3.3.2 Budgetary Plann 
Sewer system budgetary planning normally includes the 
following major cost categories: 

Legal and administrative 
e Long term and short term debt 

Short term capital financing 
Operations and maintenance labor 

* Operations materials and utilities 
0 Contingency or reserve funds 

These budgets are often prepared on an annual or bi- 
annual basis and are presented to city council or other 
governing bodies for approval. Whether wholly of partly 
financed by sewer or sewer and water revenue bonds, 
some elements of the sewer system budgets compete 
with other municipal infrastructure needs. 

Evaluation of the age and condition of existing sewer 
systems allows inclusion of the total system needs into 
the sewer system operations budget. A well planned 
sewer system survey will provide information such as: 

0 Sewer line manhole (other structure) replacement 
needs and costs 

* Lift station equipment needs 
0 Extent of corrosion of lift station 

structures, force mains arid down stream receiving 
sewers 

0 Immediate and longer term rehabilitation needs 
e Long and short term maintenance needs 

Although all needs cannot be met by annual operating 
budgets, the budgeting and expenditureof fundsannually 
for repair, maintenance rehabilitation and repiacement of 
critical sewer system components in many cases can 
eliminate or reduce the need for major capital expenses 
at a later date. For example, early identification of 
deterioration due to corrosion may save over 60 percent 
of the cost of eventual repair or ~ e ~ ~ a c e m e n ~ ~  

3.3.3 Financial Planning 
Financial planning to satisfy infrastructure needs includes 
the consideration of both the shod- and long-term 
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budgetary needs as described in Section 3.3.2, as well as 
thegrowth needsasdescribed in Section 3.3.1. Effective 
planning must recognize not only the importance of an 
accurate and realistic assessment of needs, but also 
knowledge of the alternative financing mechanism that 
are available. These elements should be considered 
over a planning period of 15-25 years. It should be 
recognized that even though the estimated lifetime of 
major portions of the sewer system infrastructure is 30- 
50 years, it is necessary to assess the capital improvement 
needs df existing systems on a routine basis at least 
every5-10 years. Sewer system needsshould beforecast 
for 10-25years and should includeshort term rehabilitation 
needs and longer term capital improvements needs. 

A major element of financial planning includes the analysis 
of a wide variety of financing mechanisms available to 
municipalities, as well as a clear understanding of the 
required financial resources. 

Table 3-1 outlines the advantages and disadvantages of 
the more common infrastructure financing mechanisms. 

3.3.4 Benefits Versus Gosf of Sewer System 

Since the early 1970’s, over 90 percent of sewer system 
evaluations were performed in response to Federal 
Grant funding requirements as now defined by 
40CFR35.2120. 

~ v a ~ u a t ~ ~ n  

The experience gained during the past 15 years with 
sewer system evaluation efforts (either 1/1 or SSES) has 
proved extremely valuable in identifying the need for 
precise information regarding theconditionof the nation’s 
sewer system infrastructure. Equally important has been 
the development and refinement of a wide range of cost 
effective sewer evaluation and rehabilitation techniques. 
These include: 1) improved sewer system monitoring, 
analysis and inspection techniques; 2) testing and grouting 
techniques; 3) slip-lining technology; 4) cured in-place 
linings; 5) fosd and iomed; 6) specialty concrete products 
and groutingtechniques; 7) new coatings; 8) new service 
lateral techniques; 9) new liners; and 10) new manhole 
rehabilitation techniques. 

Another major finding of sewer system evaluations has 
been the realization of the extent, impact, and monetary 
significance of corrosion on existing sewer systems. This 
alone prompted U.S. EPA to undertake a series of 
investigations and to publish a design manual in 1985 on 
sewer system odor and corrosion control techniques.’ 
Further concerns over the impact of sewer system 
corrosion led the U.S. Congress to require U.S. EPA to 
undertake additional studies and to submit a report to 
Congress on the costs and impacts of corrosion on the 

sewer system infrastructure and the effects of rainfall 
induced infiltration (RI I) on sewer  system^.^^^ 

Although the costs and benefits of sewer system 
evaluation have not been explicitly defined on a national 
basis in the United States, some level of routine sewer 
system evaluation is cost effective for all of the nation’s 
sewer systems. Experience over the past 15 years has 
shown that rehabilitation cost are significantly less than 
replacement costs in most instances. As shown in Chapter 
6, rehabilitation costs are 20-25 percent of replacement 
cost for specialty concrete, cement mortar, and epoxy 
coatings; 60-80 percent of replacement costs forgrouting; 
and 55-85 percent of replacement costs for sliplining and 
inversion lining. Comprehensive sewer system surveys 
including cleaning and inspection are 5-7 percent of 
sewer replacement costs. Given the fact that 
comprehensive sewer system evaluation plus 
rehabilitation costs are 25-92 percent of sewer 
replacement costs, sewer system evaluation and 
rehabilitation is extremely cost effective in maintaining 
the capital asset value of this infrastructure system. 

This cost advantage is in addition to the benefit of 
maintaining existing flows and future capacities due to 
reduction of infiltration and inflow. The highest benefit/ 
cost ratios are found in areas where the sewer corrosion 
potential is the highest. 

Deterioration rates in systems due to corrosion have 
been shown to decrease sewer life times from the normal 
30-50 years to as low as 2-4 years in extreme cases and 
9-14 years in moderate cases. 

3.4 hodology for Preliminary Sewer 
tern Analysis 

3.4.1 Sources of lnformafion and Preliminary 
Methods of Analysis 

The extent of the preliminary sewer system analysis 
depends on the size of the system and the amount of 
information available. A diagram outlining the major 
steps to be taken in a preliminary survey is presented in 
Figure 3-1. Each of these steps are discussed below. 

Apreliminary sewer system survey is normally conducted 
by municipal personnel and their consultants. The first 
step in the procedure is to assemble the survey team. 
The team usually consists of the city’s consultants, 
representatives from the city or municipal administration 
departments, central engineering staff, sewer and 
wastewater superintendent, and key sewer system 
operating and maintenance personnel. Other staff that 
have pertinent knowledge and experience with the major 
sewer system components should be assigned. It is 
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Table 3-1. Advantages and Disadvantages of Major Infrastructure Financing Mechanlsms 

Advantages Disadvantages 

General fund appropriation 

General obligation bonds 

Revenuebonds 

State gas tax 

Other dedicated taxes 

State revolving funds 

Administrative: appropriations reflect 
Current legislative priorities 
Equity: all taxpayers contribute 
to ca'pital projects 
Flscrs!: no debt incurred;so projects 
cost less during periods of inflation 

-Equity: capital costs shared by current and 
future users 
Fiscal: bonds can raise large amounts of 
capital; general obligation bonds usually 
carry lowest available interest rates 

Ad~ in is~~at ive :  do not require voter approval 
and are not subject to legislative limits 
Equity: debt service paid by users fees, 
rather than from general revenues 

Administrative: established structure allows 
tax increase without additional administrative 
expense 
Equity: revenues are usually earmarked for 
transportation, so users pay 
Fiscal: revenues relatively high compared to 
other user taxes 

Administrative: voters prefer dedicated taxes 
Fiscal: provides relatively reliable funding 
source not subject to annual budgeting 

Administrative: promote greater State 
independence in project selection 
Fiscal: debt service requirements provide 
incentives for charging full cost for services; 
loans can leverage other sources of funds; 
loan repayments provide capital for new loans 

Administrative: infrastructure must 
compete with other spendi 
priorities each year; cann 
term project around uncertain frsnding 
Equity: no direct link bstween 
keneficiary and who pays, and current 
generation pays for capital pmj 
that benefit fubxe generations. 

A d m i n i s t r ~ ~ ~ v ~ :  

: adds to tax burden, 
ally if interest rates are high 

Reform Act limitations 

interest rates than general obligation bond 

A d ~ ~ n ~ s ~ ~ a t l ~ ~ :  revenue fluctuates with 
use of gas 
Equity: fiscal burdens 
distributed between ur 
areas 
Fiscal: revenue does not rise with 
inflation or reflect differences 

I: usually demand higher 

Administrative: reduces districts 
ability to meet changing 
Fiscal: major mmic downturns 
can reduce revmues significant& 

Administrative: States bear 
increased administrative and finandal 
responsibility 
Equity: poor districts cannot afford 
loans 
Fiscal: repaying loans will mean 
increases in use charges or taxes 

Source-Office of Technology Assessment 1990 
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Figure 3-1. 

e. \ 

Approach to conducting sewer system evaluation. 

Eliminate Non-Problem Segments 
of Problem Areas 

Assemble Survey Team Q 
I I Collect and Review Available Data 

b . I 

I Ee;zs 1 1 Analyze Available Data 
and Develop Survey - 

of Problem Sub-Areas 

Mapping Information 

Previous VI, SSES Stud- 

O m  Records, Inspeclion Reporb. 
Construction Reporb 

Geologic, Topographic, 
Hydrologic Information 

Flow records from Treabnent 
Plants. Lift stalions. 

Bypasses, Overflows 

Odor Complaints, Odw 
Surveys, Corrosion Data 

Rainfail Records, 
Groundwater Monitoring 

Effects of Exfiltration 
and Migration 

Non-Problem 
Exfiltration 

Non-Problem 
Corrosion 

Non-problem 
1/1 

Scopes and Budgets 
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important that all staff assigned be able to commit the 
necessary time for proper planning and implementation 
of the survey. The major purposes for conducting a 
preliminary sewer system survey are to identify, localize 
and prioritize those areasof the sewer system sub-areas 
with the greatest potential problems, and to identify the 
preliminary scope of the subsequent investigations. A 
preliminary survey is aforerunnertothe traditional VI and 

s. The major sources of information 
used in the preliminary survey are outlined below: 

As-built sewer maps 
e Sewer system operation and maintenance (O&M) 

records 
Existing geographical, geological, climatological and 
topographical records - Existing city or municipal planning documents 

* Existing treatment plant performance records 
Sewer system monitoring records such as treatment 
plant flow records, lift station flow records, overflows 
and by-passes 
Interview information from public officials and 
supervisory sewer system O&M staff 
Historical sewer system and treatment plant flow and 
performance information 
Rainfall and groundwater data 
Water use records 
Population and user history 
Industrial survey information 

The more important of the above data sources are: 
available sewer maps, information from previous Wand 
SSES studies, along with system and sub-flow monitoring 
information. The preliminary information also includes 
the normal data sources used for 1/1 analysis including 
flow monitoring, rainfall, groundwater levels, and anecdotal 
evidence of exfiltration. 

The proper assignment of data collection responsibilities 
toindividualsthat have accesstothe required information, 
and the organization of responsibilities by the survey 
team leader is a major factor in the success and efficiency 
of the preliminary survey. 

The goal of this preliminary survey, however, is to utilize 
the available data to make the best judgments possible 
regarding the condition of the existing sewer system and 
to define the specific problems within the system and 
sub-system areas. The final plan resulting from the 
analysis of available data should, as a minimum, provide 
the following information: 

Clear understanding an 
problems within each sub-area. 
relative severity of infiltrat 
sources of each, ~den~i~icat~on 

and corrosion, evidence o 
ockages or other darn 
frastmcture 

~ ~ e ~ ~ ~ ~ ~ c a ~ ~ o n  of all non-p 
Identification of sewer system ~ o n i ~ o r ~ n g  and data 
needsfor all priority problems in each s u ~ - a r e a s e ~ ~ ~  
for study 
Schedule for ~ s ~ a b ~ i s ~ ~ n ~  syst 
require me nts . For ex a m pl e rno nitorin 
be conducted during hi~h-gro~ndwat 
mon~~or~ng for corrosi 
conducted during low-fl weather conditions. 

e x ~ i ~ t r a ~ ~ o ~  would be 

An estimate of resources needed to c o n d ~ c ~  the 
investigation of the sub-systems should include: 

Permanent or temporary sampling and flow 
measurement equipment 

Sulfide and corrosion meas~remen~ and monitoring 
equipment 
Groundwater monitoring needs 

9 Sewer cleaning and inspection 

9 Rainfall simulation equipment 

include a summary of all 
nicipal employees and all 

work scope, budget and schedule should be prepared for 
all service contracts. 

ycontract services. Asumma 

The preliminary survey differsfromthe initialstagesof an 
I/! analysisor SSES investigation in~he~o~ lowin~ re 

0 The scope off the preliminary sewer s y s t e ~  survey is 
broader than 1/1 or SSES an includes surveys of 
physical damage to the sewe ystern infrastructure, 
capacity limitations, effects d corrosion and sewer 

The preliminary su 
for the entire system an 
overall work scope of s 

Clear delineation of all sub-areas, and location of 
monitoring points 
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4.2 d ~ ~ u i ~ ~ e ~ ~  Needs for 
iysis 

The monitoring and equipment needs for a preliminary 
sewer system survey depend on the size of system or 
sub-systems under investigation and the schedule for 
conducting the survey. Sub-systems may vary in size 
from a few tenths of a square mile to several square miles 
and may include up to 20 or more separate monitoring 

reliminary survey includes flow monitoring 
at critical junctions, limited physical surveys, preliminary 
corrosion suweys and i n ~ o r ~ a ~ i o n  to correlate flows with 
rainfall and groundwater information. 

Although equipment needsvary depending on the size of 
the sub-system, typical equipment needs for a sin 
sub-system investigation are: 

0 2-3 fully automatic recording flow meters 
= 1-2 velocity meters 

1-2 depth sensors 
0 2-3 20- to 76cm (8-30-in) weirs 
0 1 metal detector - pH OR$ meters - Recording DO meters 

a Camera and film 
e Sand bags and plugs, 20-76 cm (8-30 in) 

- 1-2 tipping bucket rain gauges 
* 2 proportional samplers and sample containers 
0 Device for measuring corrosion such as a sonic caliper 
0 1 extendable penetration rod 
a 4-6 sulfide test kits 

Smoke bombs, and a gasoline driven blower (1,500- 
3,000 cfm) 

0 60-90 bn (200-300 f of fire hose and fluorescent dye 

Miscellaneoussewer and manholesampling andaccess 
equipment incbding ladders, lights, buckets, sample 
containers, rope, tapes, hand tools, and safety 
equipment 

Of the above equipment, selection of the appropriate flow 
measuring devices (flow meter or weirs) and the 
equipment for the preliminary corrosion survey is the 
most important. The above list does not include 
preparatory sewer cleaning or TV inspection equipment 
since the preliminary survey does not extend tothat level 
of detail. 

~ n f i ~ ~ ~ ~ ~ i ~ ~  is that volume of water that enters sewers 
and building sewer connections from the soil through 
foundation drains, defective joints, broken or cracked 
pipes, faulty c ~ ~ ~ e c ~ i o n s ,  e k 4  

inflow is that volume of water that is 
existing sewer lines from such sources 
cellar and yard area drains, commerci 
discharges, drains from springs nd s ~ a m ~ y a r e a s ~   et^.^ 

1/1 is the major deterrent to the successful pe 
of a wastewater conveyance or trea~men~ system.5 
Excessive 1/1 in a sanitary s e ~ e r s y s t ~ ~  can h y d r a u ~ ~ c ~ ~ ~ y  
overload sewer lines and wast ater ~ rea~m@n~ plants 
resulting in surcha 

of the water resources. Some d 
are: utilization of sewer f 
reserved for present sa 
future urban growth; need fo 

surcharging of pump st 
on equipment, high p 
adjacent waterways 

to identify sources for later correction. 

Correction of infiltration in existing sewer syste 

e Evaluation and interpretation of ~ a s ~ e w a ~ ~ r  flow 
conditions to determine the presence and extent of 
excessive extraneous water 

a The location and measurement of such i n ~ ~ ~ ~ r a ~ ~ o ~  
flows 

0 The elimination of these flows by various repair and 
replacement methods; and 

0 A diligent, continuous ~ a ~ n ~ e n a n c ~  
program. 

Correction of inflow involves: 

e Discovery of locations of inflow, 
legitimacy, assignment OB th 
correction of such conditions 

0 Establishment of inflow control 
have been in effect; an 

= lnstitution of corrective policies 
by monitoring and enforcemen 

Control of 1/1 in all existing and n 
essential part of sewer system 
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and then be expected to 
of 111. Proper preventive 

be established to monitor 
e 1/1 as an integral part of the 

The procedures involved in conducting an I/! analysis 
n o~der~y sequence of tasks. Step- 

ned to explore the scope 
exploration will ascertain 

the need and the es requiredforthe subsequent 
evaluation of causes effects and corrective actions. 
~n~orma~~on must be hered for ~ a ~ i n g  separate cost 
estimates fortranspo nand treatment ofthe infiltration 

versus elimination through 
es the sequence of 

uld be the SSES, which 

~na~ys is  report are to: 

e Identify which sewer systems ave reliable data 
available to conc~usive~y demonstrate nonexcessive or 

nerate sufficient flow data and characteristics ob the 
a sound engineering decision 
excessive and nonexcessive 

cost estimates for reha 
sewers that contain excessive !/I and compare these 
coststo the cost oftransporting and treating e>ctraneous 
water. 

e Enable the engineer, in the event of excessive 1/1, to 
detail the work tasks for the new evaluation Le., the 
SSES. 

!/I analysis thus provides the fundamental evaluation and 
indication of the existence of excessive flows in sewer 
lines. 

llected on the specific wastewater 
treatment and collection system under investigation. 
This preliminary information should be enough to allow 
the investigator to make a judgement of nonexcessive or 
possibly excessive 1/1 .637 

Much of the basic data required for the 1/1 analysis can be 
obtained from local sources by carefully planned and 
executed interview programs. It is generally found that 

o are most familiar with the sewer system 

are public officials (both present and retired) and local 

the interviews ma 

Sanitary sewer system 
Storm sewer system 

thorough interview dorm is inch 
habiilitabi~n.~ This 

~ ~ t e ~ i e ~  form should e used as a guide and shouid be 
adapted and/or m o ~ ~ ~ i e d  to the system under study. 

The purpose, nature an 
be exp~a i~ed~o~he  indi 
any ~ ~ s ~ n ~ e r ~ ~ a ~ ~ ~ n ~ s  

ood public relations s 
fore an interview, 

studied by the ~n~erv ie~er  
area. This wilD enable the i 
~ n ~ o r ~ a ~ ~ o ~  OR the rn 
recorded in the interview form 

on the map for easy i 
interviewees and/or 
existing records shou 

action can be made 
comp~e~~on sf the 1/1 analysis. 



Figure 3-2. Vi analysis major activity flow chart. 

Conduct interviews 

Define System Components 

- Define Sub-Basins 
- Locate Critical Segments 

Sewer Maps 

As-Built Sewer Ecords 

Past Studies, Engineering Reports 

Sewer Maintenance rem 

Lift Station and Plant Flow Records 

Sewer Overflow Records 
I 

- Conduct Sewer and Topographic Map Analysis 
- Identify Overflow Points 
- Locate Critical Monitoring Points 
- Identify Surcharge Lines and Points, If Present 

Select Design Rainfall Events 

Field Surveys 

Smoke Testing 

Rainfall Monitoring 

Dyed Water Flooding 

C ?duct Short-Term Flow Monitoring 

- Select Monitoring Points 
- Select Monitoring Techniques 
- Select Monitoring Schedules 
- Monitor Flow 

Nighttime Fiow Measurements 

Pipe and Manhole Inspections 

Groundwater Monitoring 

w Monitoring Resuits 

- Inflow/Rainfall Correllation and Distribution Studies 
- infiltration Effects 
- Exfiltration Effects 
- Migration Effects 
- Rainfall Induced Infiltration 
- Groundwater Effects 

Distribution Analysis 

- I/! vs. Ruie-of-Thumb Excessive vs. Non-excessive 111 
- Sub-Basin Analysis of I/I 
- lndentification of SSES Study Areas 

3ldentification of Major Overflow Locations 
Dentification of Surcharged Points/Seg ments 
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The patterned interview involves the first look at the 
extraneous water problem in the community. A 
professional who is experience in the area of [/I should 
interview everyone who is or has been connected with 
the sewer system. Subsequent analysis of the data will 
answer questions and give the analyst a feel for the 
overall problem. The general objective of the interview is 
to focus on the more i m p o ~ a n ~  problem areas. The 
questions should cover a broad spectru 
ranging from technical matters to rnunicip 
capabilities as well as questions segar 
economic profile of the city. A well-planned interview also 

ity to think about its probiems3n an 
to recognize alternate methods for 

solution. 

a. Mapping 
e All sewer lines and appurtenant structures should be 

recorded on authenticated maps. As-built drawings 
should be available for all new sewer systems and 
some of the older sewers. 

b. Updating orpreparation of maps 
0 Augmentation of existing maps with details of new 

construction and revisions - Preparation of new maps from as-built records, 
additional underground surveys and other data - Sewer maps, as a minimum, should be drawn lo scale 
and should indicate sewer sines, slopes, direction of 
flow, manhole locations, as well as other major sewer 
system elements, e.g., pumping stations, treatment 
plants, bypasses, pointsof overflow, force mains, force 
main discharge points, etc. 

In sewer systems where sewer maps are available, it 
may be advisable to verify some of the critical points in 
the field before total acceptance. Sewer maps should 
also.be updated to include new sewer extensions, sewer 
line changes, buried manholes, and any other pertinent 
data.7 

In systems where maps are not available or are 
incomplete, they must be developed before the study can 
continue. 

A street map is generally useful for the preparation of a. 
sewer map. In cases where street maps are not available, 
a schematic layout of the sewer system may be suitable, 
or a map may bedeveloped. Sewer location and direction 
of flow can also be determined by dye tracers, floats, 
smoke, metal detectors and interviews with people having 
considerable knowledge of the sewer system. 

c. Map Analysisl 
Map analysis normally includes the following elements: 

9 Establishment of rational major sub-basins based on 
system layout, drainage areas, main sewers and 
tributary lines, system configuration and other local 
factors and system conditions 

0 ' ~ e ~ e ~ ~ ~ ~ ~ t ~ o n  of sub-sections when and where they 
are required tocovera moredetail study of conditions 

ads of any sub-basins 
of sewer system flow diagrams and flow 

sheets - Selection of key junction manholes for monitoring and 
gaging flows in each sub-basin which will reflect 1/1 
conditions in constituent parts of the sewer system 

Based on the sewer maps, the following information 
pertinent to !/I can be indicated and overlaid on the sewer 
maps: 

0 Topography of the study area 
Soil and hydrogeologic formations 

0 Groundwater mapping 
8 Sewer age, type, and size 

Known or potential problem areas such as areas 
subject to flooding during rainfalls, surcharged sewers, 
overflowing manholes, overloaded pumping stations, 
houses with sewer backup problems, obvious inflow 
sources, existing and historical swampy areas, etc. 

This information, along with the sewer maps, may enable 
one to gain valuable information into the 1/1 problems of 
the area such as:7 

9 Storm sewers crossing, parallel to, or in the same 
trenches as the sanitary sewers are likely 1/1 sources 
Sewersconstructed near rivers, streams, ditch sections, 
ponding areas and swamps may present serious 1/1 
problems due to groundwater seepage or direct 
drainage. 
Sewers constructed in unsuitable soils that may be 
subjected to settling resulting in open joints and/or 
cracked piping 

8 Older sewers or ones of particuiar materials, joints or 
construction practices may present greater potential 
for !/I. Manholes with perforated covers may present 
serious inflow problems in low lying street areas. 

e Sewers constructed above seasonal high groundwater 
level should present few infiltration problems. 



3.5.3.1 Sources of Information and Methods of 

The measurement of precipitation as a part of sewer 
system evaluation is undertaken to correlate rainfall with 
flow metering data. Several items aregenerally of interest: 
rainfall intensity, total volume per event, and duration of 
the event. These data can be obtained from tipping 
buckets or continuous weighing rain gauges. Charts that 
record rainfall for several events and a totalizer that 
provides a check against recorded data is useful. Snow 
melting devices for colder climates are also available with 
the precipitation measuring devices. Less sophisticated 
devices such as graduated cylinders may also be 
appropriate to provide crude, supplemental information 
in some cases. 

Analysis 

Priortothe implementationof a precipitation measurement 
program, other less site-specific data shbuld 
and evaluated. Sources of precipitation data are the 
National Oceanic and Atmospheric Association (NOAA), 
airports, state weather observers, electronic media 
weather observers, other public works and research 
agencies and private citizens. N O M  has an extensive 
nationwide network of recording rain gauges. Those 
gauges with hourly rainfall data are summarized by state 
in a monthly publication entitled Hourv Precipitation 
Data. Another useful publication containing daily 
precipitation quantifies from NOAA stations is 
Climatological Data, which is also published monthly for 
each state. 

Rainfall causes inflow and can also cause infiltration by 
the following mechanisms? 

e Rainfall and/or surface run-off may be carried directly 
through the cracks in a clay soil surrounding shallow 
sewer lines and manholes and leak through the 
deteriorated manhole walls and sewers to cause an 
infiltration problem. 
During and immediately after heavy rainfall, the 
rainwater reaches the groundwater by percolating 
through overlying soils and causes an increase in 
groundwater level. The amount and rate of piezometric 
head increase is a function of the soil type and structure. 
This increases the potential hydraulic head. If the level 
is above the sewer pipes it increases the driving force, 
which can cause the water to enter the pipes through 
defective joints, etc. 

0 In locations where the sewer pipes are cut in underlying 
bedrock, the rainwater, after percolating through the 
overlying soils, will likely flow in the same trench and 
thereby cause an increased infiltration problem in the 
sew e rs . 

uring heavy rainfalls, another phenomenon may occur 
the soil and increase the infiltration rate in the 

sewers. This is the case when a large ground surface 
is covered by impounded rainwater: as this large 
blanket of impounded water percolates through the 
soils underneath, it leaves little chance for the air in the 
soil to escape. Because of this, the air is subjected lo 
increased pressure. The pressure is transmitted to the 
groundwater above the sewer pipe and may cause an 
increased infiltration rate through defective pipe joints, 
 et^.^ 

3.54 Topographic and G@ologic l n f ~ r ~ a t i o n  

3.5.4.1 Sources of Information an 

Soil conditions in the sewer system study area often 
affect the 1/1 problems. Sewersconstructed on unsuitable 
soils may be subjected to settling, expansion, or 
contraction resulting in open joints or cracked pipes. Soil 
chracteristics that affect 1/l response are:4 

Analysis 

Permeability, among other soil characteristics, affects 
the rate of movement of groundwater through the soil 
matrix adjacent to sewers and sewer trench backfill 
materials. 
Backfill and bedding materials immediately surrounding 
the sewer affect the structural integrity of sewers. 
Granular sewer bedding materials are quite porous 
and often act as a secondary conduit that transmits 
groundwater along the sewer line thus providing 
additional opportunities for infiltration at downstream 
locat ions . 
Impermeable soils such as clays that are used as 
backfill above the granular bedding layer reduce the 
vertical penetration of surface waters entering the 
sewer envelope. 

Information on soil distribution and soil characteristics in 
an area can be obtained from the following  source^:^ 

Soil Conservation Service. U .S. DeDartment of 
Aariculture. The Soil Conservation Service has 
published many soil mags with descriptions of soil 
characteristics. They have offices in most counties 
throughout the country. 

8 Borina loas in sewer construction contract docu ments. 
Boring logscontained in the sewerconstruction contract 
document provide certain details about the soils along 
the sewer construction route. 

ate Aaricultural Extension Se rvice. Data on soil 
types and soil characteristics may have been collected 
by the State Agricultural Extension Service. 

Local 
construction companies or contractors, particularly 
well drilling firms, should have some information about 
the area’s soils. 

a ,  
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Field Inves t i am.  For locations where no soil 
information is available or existing information is 
contradictory or indicative of serious problems, a field 
soil study may be needed. The study may include the 
test borings at key points and interpretation of the 
collected soil samples. Forcomplex and unusual cases, 
the soil samplesshould be interpreted by a soil scientist. 
Assistance may be available from the Soil Conservation 
Service, Agricultural Extension Service representat~~es, 
consulting soil scientists or agronomists. 

interpreting meter data and determining levels of 
~ n ~ ~ ~ ~ r a ~ i o n .  The recor ed data obtained fromgroundwater 

ed and screened carefully before 

ater surface at the 

3.65 Ground Wafer l ~ f o ~ ~ ~ f ~ o ~  

3.5.5.1 Sources of Information and Methods of 

Information is required to determine the variations in the 
groundwater level. Most of the infiltration phenomena in 
sewers are groundwater related. Determination of 
infiltration in the sewer system should be based on a 
comparison of the wastew er flow data collected in the 
high groundwater periods with data collected in the low 
groundwater periods. Sewer line inspections should be 
conducted during high groundwater periods. Groundwater 
monitoring should be conducted if no data are available. 
The level and, in certain cases the chemical 
characterization of the groundwater affect the degree of 
infiltration in the sewers. General groundwater information 
can be obtained from a number of  source^:^^^ 

Analysis 

e State Water Resource Agencies 
0 US. Geological Survey 
a Local or County Water Conservation Districts 
0 Groundwater users, including municipalities, water 

companies and individuals 
Local construction companies or contractors 

Two types of groundwater level measurement gauges 
are commonly used for sewer evaluation studies: the 
manholegauge and the piezometer. The manhole gauge 
shown in Figure 3-3 is used to determine groundwater 
levels adjacent to manholes. These gauges are 
inexpensive and fairly easy to install; however, they do 
clog easily from mineral deposits. The piezometer shown 
in Figure 3-4 is generally installed in a hole excavated by 
a powered flight auger. Piezometers are more permanent 
and are far less prone to clogging. They are also more 
expensive, but with proper maintenance should last for 
years and provide higher quality data than manhole 
gauges 

Installation sites for groundwater gauges should be 
away from underground utilities and streets to prevent 
damage from street maintenance equipment. 
Groundwater levels can be recorded on a periodic basis. 
A plot of groundwater levels versus time is helpful in 

base) waste~a~er production rate in the study area. The 
theoretical wastewater roduction represents the total 
quantity of wastewater ~ ~ ~ l u d ~ n g  domestic, commercial, 
and industrial wastewaterflows, but excluding all infiltration 
and inflow. FSow rates are expressed as gal/capita/day 
(SWd). 

Monitoring of flows at treatment plants, lift stations, and 
ated junction manholes is essential. Flow 

d out at different times of the 
~ f f e r ~ n ~ i a ~ ~ o n  between normal 

flows and I/! volumes. Treatment plant 
s should be evaluated and 

necessary information should be gathered to produce an 
adequate 1/1 analysis. The baseline sewer flow monitoring 
tasks should inciude the ~ 0 ~ ~ 0 w i n g ~ ~  

a Verify flows from plant records, pumping or lift station 
reviobas sewer monitoring 
ns involved in the current 

analytical procedure. 
0 Gauge flows at key junctions, manholes, pumping 

stations and overflo points during hours of minimai 
etermine the presence and amounts of 
volumes in various subsections ofthe sewer 

network. 
Determine daily and hourly flow variations in a limited 
number of locations for the purpose of monitoring the 
effect of rainfall on the flow characteristics in various 

Lsanlity of infiltration 
between the two 

ter consumption, 
infall are all available. 
sewered population 

ion 04 \ / I .  In areas 
where there are seasonal ~ ~ u ~ ~ u a ~ ~ ~ n s  in 
detailed breakdown ofthe ~ o ~ u ~ a ~ ~ o n  according to season 
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ation records are be I/B reductions are likely if 
local government im stablishing the quantities 

ineering study reports. if no data exact consider various 
in sewer systems. 

and an inventory of the residential, commercial and inflow, groundwat 

W a s t e w a ~ e r ~ l o w ~ e ~ ~ r d s ~ ~ ~ ~ ~ h e e n t i r e  sewer system 
over a period of 1 -2years should be usdd for 1/1 analysis. 
These recordsshouid include and represent groundwater 
and rainfall conditions in the study area. For larger sewer 
systems, flow records may have to be gathered from 

transportation and treatmen 
determined. A proper cost- 
requires that the following fl 

0 Peak infiltration 

can be obtained from was~ewater treatment plants, 
sanitary districts or sewer departments in local 
governments. 

The water consumption and wastewater flow records 
should be checked for accuracy before being used. The 
accuracy can be determined by checkin heaccuracyof 
the instruments used for recording a totalizing the 
flows. 

Total yearly 1/1 

filtration removed by 
rehabilitation of a source “migrates”to other sources that 
were either inactive or less active before rehabilitation. 
This phenomenon, known as migration, has led to 
disappointing results in typical rehabilitation programs, 
which havedemonstrated a disparity between anticipated 
and actual reduction of infiltration.* 

Sanitary sewer rehabilitation has seldom resulted in the 
infiltration reduction projected by sewer system surveys. 
Studies performed at two sites in the Washington 
Suburban Sanitav Commission (WSSC) sought to 
determine whether the assumed removable infiltration 

Proper analysis of the data to determine I/) flow rates into 
the sewer system is essential for accurate estimation of 
the e ~ ~ e ~ ~ ~ ~ ~ ~ e s s  of sewer rehabilitation. Discrepancies 
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achieve net flow reductions. If rehabilitation 
liy concentrated then flow removed from 

uDd essentially migrate to nearby 
General conclusions applied to 
ration were:* 

ant for a sewer system 

result in only a minor 
the existing head on the 

nular areas would not be 

t areas would be less subject to 
a& of sleep gradients would result 

ation rather than exclusive in- 

of ~ o ~ p e ~ ~ e a b j ~ i ~ y  are highly conducive 

ensive rehabilitation program, it would be 
lirniflate Sources located on private property, 
usesewices. Here rehabilitation tendslo be 
ive on the basis of unit flow rates. Private 

~ ~ ~ i ~ a ~ i ~ n  has political implications when par? 
~ e h ~ ~ ~ ~ ~ t a ~ ~ o n  is paid by the property owners. 

classified as both inflow and 
authorities. The quick rainfall 

blem associated with RII as with any 
rn is that there is the potential for 

reated wastewater at these same pipe 
fects. In some cases, discharged 
ause groundwater contamination; in 
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Effects of groundwater on migration. 
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to use recordsareobtain . As an estimate, the percentage 
on of the water that wou each the sanitary sewer would 
ng range from 70 ercent in summer to 98 percent in winter. 

Given these fa ts, the rates at which domestic, industrial 

s ~ ~ n ~ ~ ~ e a n ~  portion of the flow 

Iii was estimated 

points. 

depth of sewers. 

resents the ~ y ~ ~ c a ~  entry 

used to estimate the 

By records for the 
mount of domestic wastewater 
sewer system. Monthly water 

and mornmerciai ~ a s ~ e ~ ~ ~ e r  should flow into the sanitary 
e ~ e ~ e ~ ~ ~ n @ ~ .  These calculated flow rates 

e m  be s u ~ ~ r ~ c ~ e ~  fro the total flow measured at the 
w ~ ~ ~ e w a ~ e r  treatment lant to obtain an estimate of the 

~ n a ~ y ~ ~ ~  are: 

~ o n ~ ~ ~ ~ a ~ ~ o n  o~~heconsump~~ve use mentioned above 
e The ~ ~ o ~ n ~  of unaccounted water supplied through 

ngs, or reservoirs that 
ured due to faulty or 

or lack of metering. Unaccounted 
ludes illegal taps and unmetered 
re fighting iines, street flushing fire 

with a secondary water system, the 
t include this source. 

b. 

treatment plant f l o ~  records are 

OD load to the treatment plant iscalculated 
the pian% influent flow and actual influent 

e industrial flow and BOD load is estimated 
from the total plant load. The normal 

ed by knowing the domestic 
nfluent BOD concentration of 

ion isthen calculated by subtracting 
tic flow plusthe estimated industrial 
plant flow. The procedure can be 
y, monthly or annual basis. The 
dure depends on the accuracy of 

and BOD load. It should be 
applied to the total system rather than to sub-systems 
because sf ~ ~ ~ ~ ~ a ~ ~ o n s  due to unequal distribution of 
domestic and industrial flows in smaller subsys t ems .  

if there is no p~ec~p~~a~ ion .  Industrial 
med to be constant throughout the 
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Figure 3 8 .  Typical entry points sf rainfall induced infiltration. 



flow rate. The domestic flow rate and the industrial flow 
rate are subtracted from the total flow rate, which gives 
the resultant quantity as the rate of infiltration. This 
procedure can be carried out using monthly averages to 
obtain the estimated infiltration for the entire year. 

d. Determination of Total Yearly M 
The following procedure is used to estimate the yearly I/ 
I in the sewer system: 

Obtain the average daily, weekly, and monthly 
wastewater flow data from treatment plants for the time 
period of interest. A minimum of one year of data 
sh-sed. 
Obtain andlor calculate the theoretical wastewater 
production rates; also the rainfall and groundwater 
levels throughout the sewer system area should be 
noted throughout the study period. 

e Plot the rainfall duration and intensity along with 
groundwater levels. 

0 For each storm, piot the average wastewater flows and 
the theoretical wastewater production rate as a function 
of time, as shown in Figure 3-7. 
The area in the plot which is between the theoretical 
wastewater production rate and the recorded 
wastewater flow rate represents an estimate of the 
yearly VI. 

___tz 

An estimate of yearly infiltration can be estimated as 
follows: 

a Select several months of data from the total yearly 1/1 
plot (Figure 3-7) and plot rainfall duration and intensity, 
total recorded wastewater flow and theoretical 
wastewater production rate. 

e Draw a line through the lower limit of the recorded 
wastewater flow as shown in Figure 3-8. 
The distance between this line and the theoretical 
wastewater production provides an estimate of the 
infiltration. 

Total yearly inflow can be estimated by the following 
procedure: 

The total yearly inflow can be obtained by subtracting 
the total yearly infiltration from the total yearly VI. The 
total yearly inflow obtained may contain some amounts 
of infiltration which is induced by rainfall and is known 
as RlL 

3.6 Exfiltration and Its Impacts 

3.6.1 Introduction 
Exfiltration is a relatively new topic in the sewer system 
rehabilitation field. Exfiltration occurs when deteriorated 

or poorly designed or constructed sewer lines allow 
wastewater to escape from the sewer into the surrounding 
soil. An exfiltration study was initiated by the U.S. EPA 
because it was not known what effect exfiltration from 
sewers had on the groundwater in the area. It was 
beli at industrial and domestic wastes flowing in 
the could be escaping into the nearby soil and 
possibly percolatingto the groundwater and contaminating 
it. Resujts of the Evaluation of Groundwater lmpacts of 
Sewer €xfi/trationlo sum m ariz es t h e activities and findings 

study showed that it was 
ilt rat ion witQxfi#rar-on. 

Previously exf i l~ra~~on has been used to estimate 
infiltration. This practice appears to have limited 
applicability unless a special case can be demonstrated 
where such a correlation does exists. 

3.6.2 Summa of 1n~ormatiQn on 
The US. EPA study showed that substantial exfiltration 
does exist in locations where the groundwater level is 
sometimes or always below the sewer. In fact, in the two 
field studies which were performed, exfiltration rates 
were found to begrealerthan infiltration rates in locations 
where fluctuating groundwater levels allowed for both 
infiltration and exfiltration. 

As a part of the U.S. EPA exfiltration study, the 
groundwater was sampled and analyzed in areas where 
sewer exfiltration existed. The resultsof thegroundwater 
analyseswere inconclusive. Tests performed in one area 
indicatedthat exfiltration was not contaminating the local 
groundwater. Tests in a second area showed slightly 
higher levels of several contaminants but the study could 
not prove that these contaminants were a result of 
exfiltration. 

3.6.3 ~~nsideration in l/1 Analysis 
It is important that the possible effects of exfiltration be 
considered in an 1/1 analysis. ignoring exfiltration could 
lead to the calculation of inaccurate infiltration rates. 

3.6.4 Present and Future Environmental Impacts 
Even though the results of the exfiltration study were 
inconclusive, the environmental impacts of exfiltration 
are potentially significant. If exfiltration of wastewater is 
contaminating groundwater, it could have a serious 
impact on the environment. More research is required 
before the environmental impact of exfiltration can be 
determined, but the potential for contamination of 
groundwater isgreatest in coarse soils above unconfined 
aquifers. 

3.6.5 Exfiltration Tests and Methods 
Exliltration tests have historically been used as an indirect 
method of estimating infiltration potential for both old and 
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Figure 3-7. Determination of total yearly i n ~ ~ ~ t ~ ~ ~ i ~ n ~ ~ m ~ l o  
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specifications. Accurate ex~iltration t 
knowledge of ground water levels, ad 
times and maintenance of ad 
the system. 

rior to the initiation 

ing is an outline of an e x ~ ~ ~ ~ r a ~ ~ o ~  te 

e Clean the pipe secti n from manhole to 
r being tested (ap 

upstream pipe inlet of the upstream m a ~ ~ o ~ e  
the upstream pipe of the downstream manhole 

with plugs to ensure tight seals against water leakage. 
Since the exfiltration test can take sever 
need for temporary wastewater bypass~n 
test section should be anticipated. 

each reach of se 

The exfiltration test is based on the loss of water from the 
section of sewer being tested and thus 
of establishing a specific pressure he 
The upstream manhole is ofte 
maintaining the pressure head. 
insteadoftheupstream manhole for 
head on the system. 

e After properly sealing and isolatingthetest section, the 
sewer and manhole or standpipe must 
water. The upstream manhole or stand p 
introduce test water intothe system and for maintaining 
an adequate pressure head. The test head should be 

ove the pipe C ~ Q W ~  at th 
or 60 cm (2 ft) above the ground 

e 'Water should be allowed to stand 
a period long enough to allow water a 
pipe. This time shou 
concrete pipe dependi 
prior to testing. After 
upstream manhole, or 
begun. This step is n 
plastic pipe. 
Determination of the act 
the method used for p 

~ x ~ ~ ~ ~ ~ ~ ~ i o n  is based upon 
ing pressure head on the 

ndpipe or the u ~ ~ ~ r e a m  ~ a n h o ~ ~ .  
e requi t a constant water 
in the pe to ma~n~ain the 

cified pressure head on the sewer sedion under 
v o ~ ~ ~ e  of water to the 

standpipe over the one hour test period is the actual 
exfiltration rate from the section under test. 

a When using the manhole, the exfiltration rate will be 
determined by measuring the difference of the final 

initial water elevation and 
Ilons lost through the pipe in 

does not meet the permissible 
r is considered unacceptable. 

ould not be conducted until 
the groundwaterconditionssurrounding the pipe return 

ilar to those existing at the beginning 
he groundwater elevation should be 

de~er~ined prior to initiation of the second test. 

D 

less c~mmon~y used exfiltration test is the continuous 
ow mon~~oring technique. Continuous flow monitoring 

in a 300-m (1,000-ft) section of 
ich contains nothing that could 

interfere with the test results. The groundwater level 
must be below the sewer to ensure that no infiltration 
occurs and there must be no laterals or crossconnections. 
Certaincharacteristicsofthetest section must beconstant 

entiresecti0n:the size, type and age of sewer pipe 
e type of soil surrounding the pipe. The flow rates 

beginning and end of the test section are 
con~inu~usly measured and the difference between the 
two is the amount of exfiltration. In the exfiltration study, 
the flow measurements were made using a weir and 

ressure sensing bubbler flow meter and 
asured and recorded for at least 48  hour^.^ 

her types of flow measurement schemes would also 
rk, based on the same physical principles. 

If a 300-m (1,000-ft) section of sewer that meets the 
above criteria cannot be found, a shorter sewer OF one 
which contains a few disturbances may be used. The 

ct ~f the disturbances would need lo be measured 
and analyzed, however, and would introduce significant 
errors into the calculation of the exfiltration. 

hen an MTlS number is cited in a reference, that 
r ~ ~ ~ r ~ n ~ ~  is available from: 

rmation Service 

1. Odor and Corrosion Contrd in Sanitary Sewerage 
t ~ .  EPA/&25/1-85/018, 
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CHAPTER 

TheSewer System Evaluation Survey (SSES) isthethird 
phase of an overall sewer system evaluation (See Figure 
3-1). The purpose of the SSES is to quantify the amount 
of infiltration/inflow ( V I )  and rainfall induced infiltration 
(RII) that can be reduced and the cost of such reduction 
on a source-by-source and sub-system basis. The SSES 
confirmsand refinesthe overall findingsofthe 1/1 analysis. 
The SSES ernploysTV inspection, rainfall simulation and 
other techniques to identify specific sources as required 
to develop the detailed cost-effectiveness analysis for I/ 
I. 

The findings of the SSES should be s u ~ f i c ~ e n ~ l ~  specific 
to describe the corrective actions that need to be taken 
along with the amount of infiltration, RII, and inflow that 
will be eliminated from each major source, sewer segment 
and sub-basin . The SSES must separately define the 
cost effectiveness of infiltration removal and inflow 
removal. 

Table 4-1. Sewer System Testing and inspection Methods 

Method Application 

Smoke testing Most common routine source detection 
method to identify inflow and RII sources. 

Source detection after previous lining or 
replacement. 

Used after smoke testing to confirm 
suspected storm drainage connections, 
and other inflow and RII connections. 

Rainfall simulation (dye 
flooding and tracing) 

Building plumbing 
inspection 

As needed after smoke testing to confirm 
suspected inflow sources, such as roof 
leaders and foundation drains. 

Manhole inspection Primary source detection to evaluate 111 
sources and structural condition. 

Inspection performed along with other 
investigation procedures. 

Flow isolation Foilow-up source detection after sealing; 
used to verify migration, identify 111. Where corrosion is present, the extent of corrosion 

mitigation expected due to 11'1 rehabilitation should be 
noted. Specificcorrosion potential should alsobe defined 
and recommendations made to reduce this potential to 

Used where flow monitoring indicates 
high infiltration in large areas. 

acceptable levels. The procedure for conducting ,a 
corrosion survey as a part of an SSES is presented in 
Chapter 5. TV inspection Primary internal inspection technique for 

The following tasks are usually included in the SSES:1-3 

.Used where smoke testing indicates 
potentially major infiltration sources. 

SSES, degree of inspection areas for 
pipes as determined by l/I analysis. 

Survey Planning and Cost Estimating 
Physical Survey 
Rainfall Simulation 
Preparatory Cleaning 
Internal inspection 
Preparation of Suruey Report and Cost Effective 
Analysis 

Routine inspection for pipes rehabilitated 
by sealing if interim detection does not 
reveal 111 sources 

Used after grou6ng andsealing techniques. 

Used to verify smoke testing, flow 
isolation or when temporary flow 
monitoring indicates excessive 111. 

Used where smoke testing 
indicates major defects 

Used where building inspection indicates 
major defects. 

Lateral testing 
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Table 4-1 describes the most commonly used sewer 
system testing and inspection methods. 
4.2 Planning the Survey and Use of Sub- 

System Approach 

The SSES must be planned and executed to produce 3 

accurate estimates of flow reduction and estimated 
costs. An overall block diagram for the conduct of a 
preliminary sewer system evaluation plan was presented 
in Figure 3-1. Figure3-2 presented the sequence of steps 
for conducting an 1/1 analysis. Figure 4-1 presents a 
diagram of the methodology to be followed in the conduct 
of an SSES. The following sections of this chapter 
presents the detailed procedure for an SSES. 

The physical survey is performed to isolate the problem 
areasand to determinethegeneral physical conditionsof 
the sewer sections selected for future study. Rainfall 
simulation is conducted to locate the rainfall-associated 
1/1 sources in the sewer lines. 

Preparatory cleaning of the sewers is necessary prior to 
internal inspection. Internal inspection locates the 1/1 
sources, the flow rate fromeach source and thestructural 
defects in the pipe. Finally, thesurvey report summarizes 
the results obtained during the survey and presents a 
cost-effectiveness analysis of the 1/1 sources which can 
be economically corrected. 

4.3 Physical Survey 

The physical survey of the sewer collection system is 
performed to isolate the obvious problem areas, to 
aetermine the general condition of the sewer sections 
selected for further study. The following tasks are normally 
included in the physical 

4.3.7 Aboveground Inspection 
This should include the investigation of the general 
conditions of the study area such as topography, streets, 
alleys, access to manholes, etc. Potential problem areas, 
such as waterways, river crossings, natural ponding 
areas, should also belocated. Key manholesare identified 
for additional flow measurements and groundwater 
monitoring. Manholeaccess problems, such aseasement, 
access, buried structures, traffic interferences, should 
be noted. The accuracy and completeness of sanitary 
sewer maps should be verified. The proximity of storm 
and sanitary sewers, inflow sources, such as roof 
downspouts, yard and area drains, creeks, low or 
inundated manhole covers and frames, and foundation 
drains, etc. are all indications that rainfall simulation tests 
in the form of smoke testing and/or dyed water testing 
should be planned. A program for uncovering manholes, 

improving and raising frames lo above grade should be 
planned. 

4.3.2 Flow  on^^^^^^^ 
This should include d e ~ e r m ~ n ~ ~ g  and isolating areas 
where 1/1 exists. analysis, flow monitoring 
work would have een performed in 
selected manhole bnal f b W  ~ Q n j ~ O ~  
performed during the physical 
continued effort to further reduce t 
be investigated. Flow monitoring 
during the highest grou 
maximum i n f ~ ~ t r a ~ ~ ~ n  flow. ring for infiow should be 
conducted during storm s under wet weather 
conditions. Dry weather and wet weather flows should be 
monitored for comparison. To minimize the effects of 
normal wastewater flows, the flow ~ o ~ i ~ o r j  
conducted during the early mo 
and plant flow monitoring shou 
hr/d basis. 

4.3.3 Now ~ @ a s ~ r e ~ e ~ ~  
Flow in sanitary sewer systems consists of 
infiltration and inflow. Separation and ~ ~ a n ~ i ~ i c a ~ ~ o n  of 
these components is the grime objective of flow 
monitoring. Flow measurement in sewer systems is 
undertakento definevariationsof certain flow components 
with time or to define peak and/or minimum flow 
conditions. Sewers should be cleaned ~ h o ~ o u g ~ i y  before 
velocity measurements are undertaken. 

Many techniques are used for the measurement of flows 
in sanitary sewers. The equipment and techniques 
selected will depend upon the resources availa 
degree of precision required, and the physical conditions 
within the sewers. 

a. Manual Methods 
This is the most widely used technique for measurement 
of instantaneous or short term flow. Generally, the 
equipment is portable and flows can be d ~ ~ e r m ~ n ~ d  
immediately using ~ ~ ~ ~ ~ s ~ e d  curves, nornographs or 
tables. 

Weirs 
Theweirisacommondevicefor measurin 
flows because of its ease of installation and low cost. 
Flow measurements through weirs are obtained by 
recording the head (water level) above the weiscrest and 
determining flow rates by calculations, nomographs or 
tables. Advantages and disadvantages of weirs are: 

e Lowcosts e Fairly high head loss 
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Figure 44. Sewer system evaluation flow diagram. 

Assemble SSES Team 

- Develop Project Study Scope, Budget, and Schedule 
- Identify Sub-Basins and Analyze to Minimize Migration Effects 
- Develop Physical Survey and Inspection Plan Budget 
- Develop Cleaning Plan and Budget 
- Develop Physical Survey Plan and Budget 
- Select Internal Inspection Methodology 
- Identify Need for Rainfall Simulation and Additional Flow Monitoring 

Conduct Sewer 

Conduct Internal Inspection 

- Develop Costs for Infiltration as a Function of Infiltration Removed 
- Array Costs and Develop Cumulative Cost vs. Infiltration Removed Curve 
- Develop Cost for Transportation and Treatment 
- Develop Total Cumulative Rehabilitation, Transport, and Treatment Costs and Choose Optimum Point 
- Develop Costs for Inflow as a Function of Inflow Removed 
- Array Costs and Develop Cumulative Cost vs. Inflow Removed Curve 
- Develop Cost for Transport and Treatment 
- Develop Total Cumulative Rehabilitation Plus Transport and Treatment Cost and Choose Optimum Point 

I Summarize All Recommended I Rehabilitation Activities 
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Easy to install * 

Easy to obtain flow by 
standard equations, 

Direct flow rea e 

* 

Many designs available 0 

for flexibility 
Generally accurate 

accurate m a n ~ a ~  
measurements in 
sewers because of 

Additional information on the measurements of flow 
through weirs is provided in the report Existing Sewer 
System Evaluation and RehabiMti~n.~ 

Flumes operate on the Venturi principal. In flumes, the 
constrictisnofthethroat causesthe flow to haveacritical 
depth. This is followed by a hydraulic jump if the slope 
allows subcritical (low velocity) flow. There are several 
types of open channel flumes, including the Parshall, 
Palmer-Bowles, H-Flume and Trapezoidal configurations. 
Flumes are capable of providing results accurate to 
within 3-5 percent. Advantages and disadvantages of 
flow measurements by flumes are as follows: 

Self-cleaning to a Highcost 
certain degree 
Relatively low head loss 
Accuracy less affected by 
approach velocity than it 
is with weirs 
Data easily conveied to 
flow using tables or 
nornographs 

e May be difficult to install 

An instantaneous flow measurement in sewers can be 
obtained by the following formula: Q = AV, whereQ is the 
volumetric flow rate, V is the mean velocity of flow, and 
A is the cross-sectional area of the pipe. The mean 
velocity of flow must bemeasuredorobtainedthmretically 
through the Kutter’s formula: 

Where, 

R = ~ydraul~c Radius, 
S =  

kno~nvQlume;~he~~m 
a stop watch or a watch. 

0 Accurate 

~ne~pens~ve 

e No specific expertise 
required 

the flow. Flows can be measured under 

method are: 
annings Coefficient 
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anh 

considerable time 

capabilities of variolas automatic meters: 

ir, depth in a flume, or other 
used e ~ u ~ p ~ e n ~  for recording 
bes, bubbler, pressure sensors, 

e ~ e ~ ~ e r ~ ~ u ~ ~  in the sewer lines, if the 

total flow. All the 



Deteriorated Bench 



mure 43. Qukk mthsd ol inspecting sewer linen. 

Eflension Bar 

Adjustable Polished 
Steel Mirror 

Remote Halogen Light 
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inspection and Figure 4-3 indicates a quick method of 
inspecting sewer lines without entering the manholes. 

4.3.5 Rainfall ~ i ~ u ~ a ~ ~ ~ n  
This task involves the identification of the sections of 
sewers that exhibit MI conditions during rainfall events. 

review of the 1/1 analysis report, smoke test results and 
the physical surv results indicate whether rainfall 
simulation is requi 

ion does not have to be perform 
careful study of the sewer map 

4.3.6 Smoke Testing 
This is an inexpensive and quick method of detecting 
inflow sources in sewer systems. Many inflow sources 
such as roof leaders, cellar, yard, and area 
foundation drains; abandoned buildin 
connections; illegal connections; sewer cross 
connections, structural damages and leaking joints can 
be identified by smoke testing under ideal conditions. 
Key steps for smoke testing are: 

Conduct smoke tests in selected sanitary lines 
(adequate notification r.?Jst be made before smoke 
testing is done. This requires notification to residents, 
the local fire department, public meetings, etc.) 
Record, both in written and photographic form, all 
sources from which smoke emissions are noted. 
Visually inspect manholes suspected of having direct 
inflow connections into sanitary sewers. 
Identify direct inflow connections to sanitary sewers. 
Identify interconnections between sanitary and storm 
systems as evidenced by smoke emissions during the 
smoke test. 

Smoke testing should not be conducted on sewer lines 
which contain sags, or are flowing full. Smoke testing 
cannot detect structural damage, or leaking joints in 
buried sewers and service connections when the soils 
surrounding and above the pipes are saturated, frozen or 
snow covered. Smoke testing should not be performed 
on windy days when the smoke coming out of the ground 
may be blown away so quickly as to escape visual 
detection. The following equipment is usually required to 
conduct smoke testing: 

Smoke bombs 
Air blowers 

0 Camera and film 
0 Sand bags and/or plugs - Two-way radios 

The smoke bombs used should be non-toxic, odorless 
and non-staining. An ais blower is used to force the 
smoke into the sewer pipes. The camera is used to take 

a false alarm. 

rily to detect infiltration 

Fluorescent dyes are used for tR 
dyes should be safe to handle, 
to the soil and debris in sewer 
thecommon types of dyes can be 
5. 

The procedure for dye 

lug and flood with 
sections which are parallel to or cross sanitary sewers 
and house service lines which have shown evidence of 
smokewhen near~y sec~~ons have been smoketested. 

The presence ofdyeo 
manhole indicates %h 
The response timeofthe ap~earan~e 0% the dye and in 
some cases the visual increase 
additional insight into the ~ n ~ j ~ ~ ~ a ~ ~ o n  
Analyze findings an 
sections for cleanin 

ith this technique. The 
water flooding tests can be conduct 
methods: 

e 

s ~ ~ ~ l a ~ e  rainfall 
ofthe water and! 
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ures ~nvo~ved in the exfiltration test are 
covered in ~ h a p ~ e r  3. 

4.4 ni 

Internal ~ n s p e c t ~ o n ~ ~  Bines mspectedof having I/! sources 
easurement requires clean pipes. 
, grease accumulation Y 
obstruct visual or video n 
r mask actual infiltration sources. 

an essential first step in any 
amination procedure. Thecleaning 

the sludge, mud, sand, gravel, 
d roots from the sewer pipes, 
ation wet wellstobe inspected. 

The pipe wails should be clean enough for the camera 
on to discover structural defects, 
sources. The following steps are 

0 Clean aII sewer lines by appropriate means and with 
proper equipment ~m~ed ia te ly  prior to internal 
inspection or ~ e ~ o ~ ~ ~ y  measurement. 

ible, all obstructionsorotherphysical 
connection conditions which could 
vent the insertion and movement of 

inspection equipment. 

The equipment required BCX cleaning 

odding machines, ucket machines, h~gh-ve~~ i t y  
water machines and other hydrau~ica~ly propelled 
devices 

* Debris rernovai e ~ ~ ~ p m e ~ t ,  such as vacuum machines 

For p r o ~ ~ ~ ~ l e ~ ~ ~ ~ ~ ~  
and condition of ma 

pipe, availability o 

for sewer lines. Direct 

sewers. 

I 

0 Set upTVcameraorotherequipment inthesewer lines 
under investigation. 
Plug and flood all storm sewers in close proximity to 
sanitary sewers under inspection, if recommended by 
rainfall simulation findings. - Internally inspect, designate footage, and note all 
structural defects and all leaks in terms of location and 
flow rates. 

0 If services are found to be running, verify whether the 
flow is caused by infiitration or actual water usage. 

* Record findings on log sheets and support with video 
tapes. 

internal inspections can be accomplished in the following 
 way^:^,^ 

4.5.1 TV Inspection 
The TV inspection technique utilizes a closed-circuit TV 
camera to observe the conditions in the sewer lines. The 
TV cameras used are specially designed to detect the 
sewer conditions. 

The camera is mounted in a casing and is pulled through 
the sewer with cables. Recently self propelled cameras 
have been used, but the disadvantage of this type of 
camera is required sepvice and recovery if they fail or get 
stuck in the middle of the pipe run. The results are shown 
on the TV monitor and documentation can be made by a 
videotape or by photographs of the monitor. A light 
source isprovidedbythecameraforilluminatbnpurposes. 

4-52 ~ ~ ~ f o g r a p h i c  inspection 
This technique utilizes a camera to take a series of color 
Photographs along the inside of sewer lines. This 
technique is best for analyzing the structural conditions 
of the sewers. A camera is pulled through the sewer line 
being inspected. Pictures are taken at equidistant intervals 
or at some predetermined problem sections. 

4.5.3 Physical Inspec 
This technique involves the direct inspection of larger 
sewers not in service. Before inspection, the safety of the 
person entering the line should be carefully considered 
and the sewer section thoroughly ventil 
H,S and other harmful gases that might 

Proper NIOSH-OSHA safety practices and procedures 
should be followed to properly carry out physical 
inspections. 

Figure 4-5shows thetechnique involvedinTVinspection. 

Cost Effectiven 
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Figure 44.  Preparatory cleaning. 



Figure 4-5. internal color IT inspection. 
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Figure 46.  Cost-effectiveness analysis curve for infiltraion. 

Optimal CosVBnefit Level for 
Infiltration Sewer Rehabilitation 

(Curve C) 

Cost Curve for 
Infiltration Rehabilitation 

Infiltration Reduced, gpd 
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RgMm 4-7. Costaffectlveness analysis curve for InHow. 

c 

.3 
W w 

Inflow Reduced. gpd 
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Smoke Testing - Performed with an intensive technique 
requiring isolation of each s ment by blocking flow and 
injecting smoke using blowers, one on each of 
adjacent manholes. 

Dyed Water Flooding - Inflow sources identifie 
smoke testing were quaotified by the dyed waterflooding 
technique. 

TV inspection - As a result of nighttime flow 
measurements, certain sewers were identified for W 
inspect ion. 

Building Inspections - This consisted primarily of 
determining inflow connections to the service laterals, 
such as storm and combination sump pumps, and external 
drains such as areaway and roof drains. 

The total of the assigned flows from all of the identified 
inflow sources was then compared to and balanced with 

e measured flow of each subare 
flow at a 1 year storm event wa 
gression of moderate storms, 

not in a' hydraulically restricted or surcharged state. 
Infiltration sources were quantified and monitored at the 
outlet flow meters. Quantification of inflow and infiltration 

uring the subarea evaluation is 

ness analysis for the WSSC example 
on a subarea basis ~ n c o r ~ o ~ a ~ ~ ~ g  the 
ion, capital cost of treatment, O&M cost 
st of relief lines, and cost of r e ~ a ~ ~ ~ ~ t ~ ~ ~ ~ ~ .  

is, clustered r ~ ~ a ~ ~ ~ ~ a ~ i ~ ~  was 

tion is ~ ~ n ~ e ~ ~ ~ a  
a. 111 rehabilitatio 

!he entire subare 

The point-source anai~s~s initially resulted in a unit 
rehabilitation cost of 

would actually be removed, thus resulting in an actual 



Table 4-3. ~ u a n ~ i ~ c ~ ~ n o f  ~ ~ ~ ~ o u g h  t ~ e ~ ~ r e a ~ s ~ e m  
Approach 'lor the Washington Suburban 
Sanitary Commission4 (Reprinted with 
Permission from Water Engineering and 
Management 

source Flow (mgd) Percent of Total 

INFLOW 

Manhole Defects 
Cover/rim leaks, ponding( 1) 
Frame seals 
Corbels and broken frames 
Cross connections 
Subtotal 

Downspouts 
Area-wide drains 
Foundation drain connection 
Suspect foundation drain connection 
Defective lateral clean outs 
Suspect defective service laterals 
Storm sump pump connection 
Subtotal 

Total 

CrackecVdefective walls 
Defective pipe seals 
Bench/trough leaks 

fective jointslpips 
Non-groutable defective pipes 
and groutable service connection 

Total 

0.020 
0.261 
0.078 

0.385 

0.2 
0.539 
0.01 1 
0.773 
0.009 
0.364 
e212 
2.196 

2.531 

0.039 
0.024 
0.804 

0.387 

0.34 

QJ.3.Z 
0.932 

0.8 
10.1 
3.0 
%B 
14.9 

11.2 
20.9 
0.4 
30.0 
0.3 
14.0 
32 
85.1 

1083.0 

4.2 
2.6 
0.4 

41.5 

36.6 

480.0 

Table 44. Cost-Effective Analysis for 111 Reduction for the 
Washington Suburban Sanitary Comrnlssion4 
(Reprinted with Permlsslon from Water 
Engineering and Management) 

SUMMARY OF RECOMMENDED PIAN 

Rehabilitation Item 

Estimated 
Estimated Construction 
Quantity Cost, $ (1986) 

m 
Manhole cover/frame replacement 38 1 7,710 
Manhole frame sealslraising 121 96,800 
Manholes corbel 16 9,900 
Cross-connection 1 
Subtotal 127,800 

Manhole walls, pipe seals, benMtrough 22 

Line grouting 27 

Connection grouting, lateral repair 25 
Subtotal 

Total 

Relining/replacement 20 

Pipe replacement 7 

14,996 
'386,015 
20,082 
35,m 
AELQ2Q 

501,091 

628.891 

Estimated Estimated 
Flow Reduction, Construction Cost, 

Source Type mgd (1 986) WPd (19W 

Inflow 0.385 $0.33 
Infiltration 0.297 $1.69 

Table 4-5. Cost-Effective Analysis by Point Source for VI 
Reduction for the Washington Suburban 
Sanitary Commission4 (Reprinted with 
Permission from Water Engineering and 
Managemen t) 

Aooroach 
Removable Rehabilitation Costs 

Infiltration. mad Total $ $/ad 

Point Source Approach 
Assumed without migration 0.164 $156,000 0.95 

Sub System Approach 0.143 $238,000 1.66 
Estimated, with migration 0.081 $156,000 1.93 
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CHAPTER 5 

Corrosion Analysis and Control 

5.1 Introduction and Background 

Structural problems in wastewater collection systems 
can sometimes occur as a result of corrosion, and thus 
it is important to consider corrosion when designing, 
rehabilitating, or analyzing sewer systems. This chapter 
discusses the types of sewer corrosion, explains how a 
corrosion survey is conducted, and describes methods 
for controlling corrosion. Major emphasis is placed on 
hydrogen sulfide (H,S) corrosion, as it isthe most prevalent 
form of corrosion in sewer systems. 

Internal corrosion in sewer systems is normally related to 
the characteristics of the wastes being transported and 
is caused by chemical, electrochemical, and biochemical 
reactions. External corrosion is primarily caused by 
thermal, physical, structural or electrochemical stresses. 

5.2 Types and Mechanisms of Corrosion 

5.2.1 Common Types of Pipe Corrosion 
Internal pipe corrosion in sewer systems is primarily 
caused by two mechanisms: 1) direct attack by corrosive 
gases released from the wastewater, such as H,S and 
SO,; and 2) bacterial oxidation of H,S to sulfuric acid in 
the unsubmerged portions of the pipes. H,S and SO, in 
their gaseous forms are directly corrosive to metals. It is 
important to note that the presenceof H,S raisesconcerns 
for safety, as H,S gas is toxic to humans. H,S represents 
an imminent life threat at a concentration of 300 ppm by 
volume in air. OSHA recommends a time weighted 
average exposure during an 8-hr period of less than 10 
ppm by 

Corrosive wastes (e.9. industrial acidic wastes) discharged 
to the sewer can cause direct corrosion in submerged 
portions of the sewer. Furthermore, certain chemicals 
which are used in wastewater treatment and collection 
systems can be corrosive. 

5.2.2 Other Types of Corrosion 
Electrochemical corrosion may occur due to electrical 
currents created between dissimilar metals or when an 

electrolytic waste removes one or more metals from an 
alloy.' 

Hydrogenation occurs when hydrogen ions react with 
metal pipes. This however occur sunder high temperature, 
pressure, stress and anaerobic conditions, and is not 
commonly found in sewer systems. 

Fatigue corrosion and stress corrosion are similar, as 
both are caused by external stresses applied to the pipe 
and occur inside of the pipe. Fatigue corrosion occurs 
when pipes are exposed to repeated stresses. 

Filiform corrosion occurs on metal piping with organic 
coatings. It is characterized by filament-like corrosion in 
the metal surface originating at pinpoint penetrations of 
the surface. It is important to note that corrosion is often 
the result of more than one mechanism. For example, if 
iron pipe is already experiencing hydrogen sulfide 
corrosion, it becomes more brittle and is more prone to 
cracking when stress is applied. 

Further information on the mechanisms of both internal 
and external corrosion may be found in Reference 2. 

5.3 Conducting a Corrosion Survey 

5.3.1 Factors Affecting Corrosion 
As a part of a Sewer System Evaluation Survey (SSES), 

belowOSmg/L, sincetheseconditionsfavortheanaerobic 
bacteria that convela sulfate to sulfide. In gravity sewers, 
DO levels are likely to decrease when the wastewater 
velocity decreases, because the lower velocity: 1) 
decreases the scouring of the microbial slime growing on 
the submerged pipe walls and invert; 2) promotes solids 
deposition; and 3) increases the residence time. In force 
mains, inverted siphons, and surcharged sewers, 
anaerobic conditions often exist since the pipe is full, 
thereby precluding surface aeration by oxygen addition 
from the sewer atmosphere. 

59 



The depth of flow in sewers, the amount of ex 
surface area, BOB of the waste, and pipe slop 
affectth uien nd at pipe ~unc~ions 
and pla the dir~ction or slope) 
can add oxygen to ater, prevent~ng sulfide 
generation. H o ~ e ~ e r ,  if sulfide is 
an overall negative effect as it 
released from the 

5.3.2 ~ d ~ ~ t i ~ i n g  ~ i ~ ~ l ~  
The first step in a corrosion 
involved in design, cleaning 
sewer system to identify I 
have been observed. Collection system maps should be 
available that include sizes and type of pipes, slopes of 
lines, flows, manhole locations 
operations, and locations of for 
surcharged sewers. Maintenanc 
files, and TV inspection logs c 
Likely field locations to check include: 

= Locations of low velocities or solids de - Force main discharge points 
9 Transition manholes - Sewage lift stations 

Areas of high turbulence 
* Sewers with flat slopes and long detention times 
* Inverted siphon discharges 
0 Headworks of wastew er treatment plants 
0 Junction chambers an metering stations 

5.3.3 Performing ~ i ~ w ~ ~  
Avisual inspection of the condition of manholes, metering 
stations, wet wells, headworks, and other structures as 
a part of the SSES physical survey, is essential to identify 
corrosion problems. Areas that are accessible can be 
entered and inspected, However, hazardous atmospheres 
can exist in such confined spaces, and proper safety 
procedures for confined space entry must be strictly 
followed. 

Items noted in a visual inspection include: 

Condition of ladder rungs, Its, conduit, and other 
metal components 
Presence of protruding concrete 
Presence of exposed reinforcing 
Development of black coating 
copper pipes and electrical contacts 
Loss of concrete from pipe crown or walls 
Soundness of concrete 
Depth of penetration, Lasing s c r e ~ d r j ~ e r o ~  a sharp tool 
to expose uncorroded material 

A quick method of inspecting the general condition of 
sewers can be performed with a telescoping 
which are attached a 
at one end, and a low- 

because entry into a c 
is little risk of being 
sewer gas. 

Usefuldatawhichcan becollectedtoassess the presence 
of, or the potential for corrosion include the following:l 

Concentration of gaseous H,S in manholes and sewer 
atmospheres 

= Wastewater pH 
0 Total and dissolved sulfide in wastewater 
* BO and Oxidation Reduction Potential (ORP) 

Surface pH on manhole and sewer walls 
Total and soluble BOD 

a Temperature 
e Depth of corrosion penetration 

One of the most useful “early warning” indicators of 
potential H2S corrosion problems is the pH of the pipe 
crown or structure wall. This is a simple test using color 
sensitive pH paper which is applied to the moist crown of 
the pipe. New concrete pipe has a pH of 10-1 1. After 
agingthepH ofthecrown under non-corrosiveconditions 
may drop to near neutral. Pipe experiencing severe H2S 
corrosion may have a pH of 2 or lower. pH levels below 
4 are generally indicative of corrosion problems. 

If it is possible to estimate the amount of concrete lost 
from sewersor manholes and their age is known, the rate 
of corrosion can be approximated.’ Estimates of the 
remaining useful life of a structure (e.9.. to exposure of 
reinforcing steel) can then be used to prioritize sewer 
segments or structures for further action. 

5.3.5 Predicting Sulfide Corrosion 
Models have been developed which allow the prediction 
of the rateof sulfide accumulation in sewersaswellasthe 
rate of hydrogen sulfide corrosion of concrete pipe. The 
predictive equationscan be found in References 1 through 
4. 

5.4 Rehabilitating 

If it is determined that a sewer is severely corroded and 
will require rehabilitation, an appropriate rehabilitation 
method must be chosen. Table 5-1 lists common sewer 



Table 51. 

1. Severe eorrceion and pow a. Exeavatim and replacement 
structural integrity 

2. Severe corrosion; minor a. C~red-in-p~acs inversion lining 
structural reinforcement b. Sliplining 
needed c. Some etas 

d. !=old a 

a. PVC or other corrosion resistant 
liners 

b. Sliplining 
c. Cured-in-place inversion lining 

e. Fold and formed pi 

4. Corrosion in non-circular pipes a. Curd-in-placs inversion lining 
b. Some specialty concretes 

5. Corroded pips under busy a. Cured-in- version lining 

c. Sliplining (may be applicable) 

3. Corr0s.m in structurally sound 
pipes with diameters 76 cm 
(2.5 ft) w greater 

streets b. Fold and 

problems involving corrosion s app~~cab~e 
rehabilitation methodsfor each. n techniques 
are discussed in detail in Chapter 6. 

5.5. I Sulffide ~ ~ r r ~ ~ ~ Q n  ~~~~r~~ 
H,S corrosion can be controlle 
of dissolved sulfide in the wa 
techniques include oxygenatio 
and pH elevation., 

If the concentration of DO in the was~ewa~er exceeds 
1.0 mglh, sulfides will not be gen~ra~ed. ~here~ore, 
maintaining a high DO concentration is an effective 
method of sulfide corrosion control 
of H,S control in sewer systems are 

5.5.1.1 Aeration 
Aeration can be a cost e ~ ~ e ~ ~ v e  
sulfidegeneration, but unlessair i 
means, such as the presence o 
the system, equipment must be 
the air and to intr 
advantage of usin 
equipment when 
methods.’V3 Often, co air is added to the 
discharge sideof the wa pumps at the upstream 
end of a force main. The major disadvantages of this 
approach are: 1) the p o ~ e n ~ ~ a ~  for gas 

o the ~ a ~ ~ @ w a ~ e r .  An 

ly short duration for 
~ n ~ a i n ~  due to DO 

uptake by bacteria. 

ygen is five times more soluble in water 
e to achieve higher DO levels in 
ing pure oxygen into wastewater 

s with air injection, use of pure oxygen as 
su~f~de control measure is particularly advantageous in 
ressurized systems, because disolution of oxygen is 

greater at higher pressures. However, since less oxygen 
required than air to achieve the desired DO levels, 

generation in force mains is 
taining the DO above 1 mgl 

L is usually sufficient to prevent sulfate reduction. 

2) is added to wastewater, 
ess H,O,decomposes to 
osage rates are 1-5 Ib 
the degree of control 
ies, sulfide levels and 

length of time involved between the injection and sulfide 
nt. Equipment used for H,O,addition is relatively 
nsisting mainly of a st vessel and metering 
aterials for storage ed equipment must 

be compatible with H202.1,3 

wastewater collection systems. 

.1.5 Chlorin 
Chlorine will oxidize sulfide to sulfate or to elemental 
sulfur, depending on pH. It is common~y added at a 

emoved. It may be 
wine solution using 
stewater treatment 

plants for eff bent disinfection. 

into the sewer atmosphere. Dosages 
are usually dependent on initial sulfide levels and the 
targeted level of control, but will generally be 4-1 5 Ib Fe/ 

alts may be purchased as 
ater for ease of inj 
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purchased as a solution. Ferrous chloride and ferrous 
sulfate are often purchased in bulk, usually as a 40- 
percent solution, and being acidic in nature, they must be 
handled in corrosion-resistant materials. As with other 
sulfide control chemicals (such as hydrogen peroxide), a 
typical feed system involves feeding the iron solution at 
multiple rates in relation todiurnal fluctuations indissolv 
sulfide and flow rate.Ir5 

5.5.1.7 Sodium Hydroxide 
H,S corrosion may also be controlled by inactivating the 
sulfate-reducing bacteria. Sewer systems in Los Angeles, 
as well as other cities, have used pH elevation to control 
sulfide corrosion. A caustic solution is added as a shock 
dosage for 20-30 minutes, raising the pH in the sewer to 
12-13. Soon after the high-pH slug has passed, the 
sulfate-reducing bacteria will become re-establish 
that dosing with caustic must be repeated when sulfide 
levels begin to increase. Typically, the caustic will be 
added at intervals which vary from several days to two 
weeks. 5 

With this approach, caution must be taken to avoid 
upsetting the biological treatment system with the slug of 
high pH wastewater. The slug may be diluted as it passes 
through the sewer system, in which case there is no 
problem. If this in not the case, the slug can be diluted by 
directing it to spare tankage and slowly adding it to 
treatment plant influent.lL5 

Although a pH above 8.0 will result in lower levels of 
dissolved H,S gas, continuously adding caustic to maintain 
a high pH is not generally practical. 

5.5.1.8 Sodium Nitrate 
The addition of sodium nitrate to sulfate-containing 
wastewaters will suppress the generation of H,S. This 
w u r s  because bacteria will preferentially reduce nitrates 
before sulfates. Thus, no sulfides will be produced until 
the sodium nitrate has all been reduced.lv5 

5.5.1.9 Designing to Avoid Corrosion 
Sulfidecorrosion can be minimized throughcareful design 
of the sewer system. The corrosion resistance of the 
materials used is an important factor. Thecharacteristics 
of many typical materials are described in detail in 
several references, Other aspects of the design are also 
discussed in these references. The most important 
considerations when designing for sulfide control are:' 

Minimizing the occurrence of force mains, siphons and 
surcharged sewers 
Designing for velocities which are sufficient to prevent 
the accumulation of solids and which provide surface 
aeration of the wastewater. 

Prohibiting the direct addition of sulfides from any 
source 

anicsolidsis~avorable to initiati 

to meet some 1yp 
wastewater in the 
acidic or basic, the 

oisture must be present for most types of corrosion to 
occur. For example, a moist atmosphere allows corrosive 
vapors to condense on pipe walls and on other fixtures in 
the sewer system. ~ e n ~ i ~ a ~ ~ ~ n  systems have been used 

and corrosion in sewers. Some 
rthese systems can be found in the 
r and C ~ r ~ o ~ ~ o n  Control in Sanitary 

Sewerage Systems and Treatment Plants? 

When designing a new system or making replacements 
in an old system, materials should be chosen which are 
resistant to the types of waste present. Guidelines for 
selecting resistant materials are provided in Table Wa4 

If electr~hemicalcosrosionof iron or steel is the problem, 
cathodic protection may be appropriate. One type of 
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Table 5-2. ~ ~ i ~ e l i n e s  to Select Pipe Materials lo Resist 
rrosion (4) 

Various types of pipe material can be spscified as part of the overall 
design strategy. Either corrosion-resistant or corrosion-sensitive materials 

,depending on predicted sulfide levels, required service 
life, and economic considerations. The designer has the option of simply 
specifying an acid-resistant material or specifying an acid-sensitive 
material together with other corrosion control strategies, such as: 

Providing 0, to water. 
* Providing chemical control of sulfide generation. 

Designing system hydraulics to avoid sulfide generation. 
* Providing sacrificial concrete cover. 
0 Providing sacrificial metal thickness (steel or ductile iron). 
0 Using concrete modification, such as calcareous aggregate. 

Using a protective liner or coating. 

The following materials, varying in sensitivity to acid corrosion, are 
available for sanitary sewer construction: 

Vitrified Clay Pipe (VCP) is virtually immune to acM attack. In dder 
VCP lines, cement mortar joints expanded, and sometimes broke the 
bells. Other types of gasketed joints now in general use avoid this 
problem. However, VCP is brittle, and so needs special installation 
practice and care in handling and transport. 
Steel pipe is susceptible to direct corrosion by H,SO,, H,S corrosion 
of the iron component, and the normal oxidation of iron. 
Cast Iron Pipe [CiP) is also susceptible to H,SO, and H,S, and normal 
oxidationcorrosion. It generally lasts longer thansteel, simply because 
a thicker pipe wall is us 
Reinforced Concrete Pipe (RCP) is susceptible to acid corrosion. 
However, despite its vulnerability, concrete represents an important 
sewer pipe material, particularly for large trunksewers. Concrete can 
be fortified against attack by using calcareous aggregate, increasing 
the cement omtent, or both, which provides additional alkalinity and 
acid neutralizing capacity where severely corrosive conditions are 
anticipated, PVC liners can be employed. 
Asbestos Cement Pipe (ACP) is susceptible to acid corrosion. Due to 
its higher cement content, it corrodes at a slower rate than granitic 
aggregate concrete, although this attribute is offset by a generally 
thinner pipe wall. 
Thermoplastlc pipes, such as Polyvinyl Chloride (PVC), Polyethylene 
(PE), and Acrylonitrile-Butadiene-Styrene (ABS), are resistant to acid 
corrosion, although subjectto strain corrosion in the presence of some 
materials, such as detergents, organic solvents, and fats and uils. 
Thermosetplasticpipes, such as Reinforced Plastic Mortar (RPM) and 
Reinforced Thermosetting Resins (RTR), are resistant to acid attack. 

cathodic protection involves impressing an electrical 
current on the corroding surface. The metal surface 
which is to be protected is electrically connected to the 
negative terminal of a current source and a “sacrificial” 
anode isconnected tothe positive terminal. The sacrificial 
anode must be in the electrolytic wastewater and must be 

of a material which has a higher electrical 
potential than the protected material. Cathodic protection 
does not always work well, so an experienced corrosion 
control engineer should be consulted before such a 
system is a~empted.’ 

5. ferenc 

When an NTlS number is cited in a reference, that 
reference is available from: 

1. 

2. 

3. 

4. 

5. 

6. 

National Technical Information Service 
5285 Port Royal Road 
Springfield, VA 221 61 
(703) 487-4650 

Odor and Corrosion Control in Sanitary Sewerage 
System and Treatment Planfs. EPN625/1-85/018. 
U . S. Envi ron mental Protect ion Agency, Cincinnati, 
Ohio, 1985. 

Report to Congress: Hydrogen Sulfide Corrosion in 
Wastewater Collection and Treatment Systems. E PA/ 
430/9-91/009. US. Environmental Protection Agency, 
Office of Water, Washington, D.C. in preparation. 

Odor and Corrosion Control in Sanitaty Sewerage 
System and Treatment Plants. EPA/625/1-85/018, 
EPA, Cincinnati, Ohio, 1985. 

Sulfide in Wastewater Collection and Treatment 
Systems. ASCE Manual and Reportson Engineering 
Practice No. 69, ASCE, New York, 1989. 

Sulfide and Corrosion Prediction and Control. 
American Concrete Pipe Association, Vienna, VA., 
1984. 

Detection, Control, and Correction of Hydrogen 
Sulfide Corrosion in Existing Wasfe water Systems. 
EPN430/9-91/019. U.S. Environmental Protection 
Agency, Office of Water, Washington, DC. 1991. 

63 



Many methods of sewer system rehabilitation are 
available. This chapter examinescontem 
and provides guidance on the situations where each 
method is applicable. A general description of each 
rehabilitation technique, and the procedures, equipment, 
andcost estimates arediscussed in~hefo~~owiRg sections. 

The reader is cautioned in the use of the costsfor various 
rehabilitation techniques presented herein. Although the 
cost information presented is from the best available 
sources, there are some major differences in the basisof 
these costs since all cost components are not included in 
every rehabilitation technique. Some costs have been 
extracted from earlier re rts and indexed tothe present 
time while other costs are from recent sources. Some 
costs include engineering and some do not. An attempt 
was made to present the cost on a consistent basis ($/ 
length of sewer), but this may be misleading for some 
techniques such as chemical grouting since these costs 
vary depending on the number of joints grouted. 

It should further be recognized that there are some rather 
strong geographical differences in cost for some of the 
technquessuch, as sliplining andcured-in-place inversion 
lining. Also the re rted cost of some techniques exhibits 
a wide cost range for the same size of pipe due to site- 
specific factors. The actual cost ranges are reported 
where available. Examination of the cost tableswill show, 
for example, that the high sideof the reported cost ranges 
for some techniques such as sliplining and inversion 
lining are higher than replacement costs. The basis of the 
cost for each rehabilitation technique is described at the 
bottom of each cost table. All costs have been indexed to 
a March 1991 €%@neering News Record Construction 
Cost I ndex (EN RCGl=4773). 

6.2 Excavatio 

6.2.1 5escription 
Replacement of deteriorated pipelines was once the 
most common rehabilitation practice but is becoming 

more limited due to the availability of trenchless 
technologies. Excavation and replacement of defective 
pipe segments is normally undertaken underthe following 
conditions:i 

* Whenthestructural integrityofthepipe hasdeteriorated 
severely; for example, when pieces of pipeare missing, 
pipe is crushed or collapsed, or the pipe has large 
cracks, especially longitudinal cracks 
When the pipe is significantly misaligned 
When additional pipeline capacity is also needed. 
When trenchless rehabilitation methods that would be 
adequate to restore pipeline structural integrity would 
produce an unacceptable reduction in service capacity 
For point repair where short lengths of pipeline are too 
seriously damaged to be effectively rehabilitated by 
any other means 

e Where entire reaches of pipeline are too seriously 
damaged to be rehabilitated 

e Where removal and replacement is less costly than 
other rehabilitation methods 

The following are the disadvantages 0f pipeline removal 
and replacement as a method of sewer line rehabilitation: 

0 Removal and replacement is usually 
than other rehabilitation methods. 
Removal and replacement construction causes 
considerably greater and longer-lasting traffic and 
urban disruption than does rehabilitation. 

0 Removal and replacement construction involves a 
greater threat of damage to, or interruption of, other 
utilities than does pipeline rehabilitation. 

6.2.2 Procedures and Equipment 
Sewer pipe rehabilitation through pipeline replacement 
can be carried out in the following two general forms: 

Excavation and replacement where the existing pipeline 
is removed and a new pipeline is placed in the same 
alignment 

0 Abandonment and parallel replacement where the 
existing pipeline is abandoned in place and replaced by 
a new pipeline in either: 1) physically parallel alignment 
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Figure 6-1. Grouting equipment and paocedures. 
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of the wall and allow outward movement resulting in the 
rapid deterioration of the structural integrity as the arch 
of the top of the pipe looses its support. Chemical 
grouting adds no external structural propertiesto the pipe 
where joints or circumferential cracking problems are 
due to ongoing settlement or shifting of the pipelines. it 
is not effectiveto usechemicalgrouting to seal longitudinal 
cracks or'to seal joints where the pipe near the joints is 
longitudinally cracked. Grouting isa joint sealing technique 
to be used for each joint in a pipeline segmeqt that fails 
the initial leakage test. Chemical grouting is normally 
undertaken to control groundwater infiltration in non- 
pressure pipelines when these are caused by leaking 
pipe joints or circumferential cracking of pipe walls. 

Chemical grouting is applied internally within a pipe, and 
thus does not damageor interfere with other underground 
utilities. It does not require excavation or surface 
restoration, such as pavement or sidewalk replacement 
and ground cover reseeding. 

Chemicaigroutingdoesnot improvethestructural strength 
of the pipeline and thus should not be considered when 
the pipe is severely cracked, crushed or badly broken. 
Chemical grouts may also dehydrate and shrink if the 
groundwater drops below the pipeline and the moisture 
content of the surrounding soil is reduced significantly. 
Large joints and cracks may be difficult to seal because 
large quantities of grout may be required. Large cracks, 
badly offset joints and misaligned pipes may not be 
sealable. Offset joints may prevent the inflatable rubber 
sleeves of the sealing unit from seating properly against 
the walls of the pipe, making it impossible to isolate and 
seal the joint. 

The most common chemical grouts currently available 
are acrylamide gel, acrylic gel, acrylate gel, urethane gel, 
and polyurethane foam. The use of acrylamide gel as a 
grout may possibly be banned by U.S. EPA since it is 
suspected that this grout causes health problems for the 
application workers. The basic characteristics of foam 
and gel grouts are described below. 

Gel Grouts are resistant to most chemicals found in 
sewer lines but they may produce a gel-soil mixture 
which is susceptible to dehydration and shrinkage 
cracking. When using gel grouts, the grouting contractor 
and/or the grout supplier should be required to submit 
data supporting the non-shrink characteristics of the 
grout. Acrylamide gel is significantly more toxic than the 
acrylate polymer or urethane gel grouts. Urethane gel 
uses water as the catalyst. No significant water 
contamination of the urethane grout should be permitted 
prior to its injection. Gel grouts are not recommended 
where there are large voids outside the pipeline joints. 

Foam grouts consi 

dsthe materialsinto 

times their initial 
ly difficult to apply and 

e choosing to use grouti 
peline should be inspect 

for joint rehabilitation, 
for the following:' 

0 routing cleaning needs and extent of 
For e~~ect~we grouting, the pipeline 

must be r e ~ ~ t ~ v e ~ ~  free OB sand, sediment and other 
hould occur just prior to grouting. 
broken sections that must be 

Ladinally cracked pipe 
sections should not 

Joints and circumf@ren~ial cracks in small- and medium- 
sized pipes (15-187 em [6-42 in] diameters) can be 
remotely tested and grouted using a packer system 
monitored by closed-circuit W.  

The service life ofthe grout is an important consideration. 
t has been used successfully since the 

ize soils and help control underground 
nts in tunnels, darns, dikes, pits and 

various other u n d e ~ ~ r o u n ~  structures. The urethane 
grouts are more rece ze, joint spacing, and the 

sealing are factors to 
of chemically sealing a 
er the cost because of 

equi~ment and materials. Chemical 
astewater flow around 
e grout is cured. 

See Table 6-2 for app 
in this table are b 

prices through the 
verified by contacti 

mate grouting costs. The costs 
on costs taken from Utility 

~ h a ~ i ~ j ~ ~ ~ i o ~  and were adjusted to current 
of a cost index. Costs were also 
endors and contractors. Table 6- 

percent joint grouting with 60-cm (24)  pipe 
costs may be significantly bwer than 
Lsting fewer joints based ~n leakage 

tests or for longer (1 -2 m [3-6 fi]) pipe lengths. 

I 

rehabilitate s e ~ e r  pipelines by 
iarneter into 
the service 



Table 6-2. Rehabilitation Costs for Grouting 

Pipe Groutinn Dec. 1984 Mar. 1991 

6 
8 

10 
12 
15 
18 
21 
24 
27 
30 
33 
36 
39 
42 
48 
54 
60 
66 
72 
78 
84 
90 
96 

102 
108 

1 .00 
2.00 
2.00 
3.50 
6.00 
7.50 
9.50 

12.00 
14.50 
18.00 
21.50 
28.00 
32.50 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

18.00 
21 .00 
24.50 
28.00 
32.00 
36.00 
61 .OO 
70.00 
79.00 
83.00 
93.00 

104.00 
1 10.00 
4 22.00 
325.00 
365.00 
450.00 
580.00 
645.00 
780.00 
865.00 

1 ,ooo.00 
1,500.00 
1,325.00 
I ,465.00 

19.00 
22.00 
26.50 
31.50 
38.00 
43.50 
70.50 
82.00 
93.50 

101 .00 
114.50 
132.00 
142.50 

20-30 
24-36 
28-42 
32-48 
36-54 
40-60 
68 - 102 
76 - 95 
88 - 132 
96-144 
108 - 162 
124 - 186 
132 - 198 

Based on minimum project size of 300 m (1,000 LF). 
Root ldll includes application of herbicide inside pipe before root 
removal and cleaning. 

0 Cleaning costs apply to entire pipe reach. 
Costs areat Recember 1984 cost level (ENRCCI=4144); 1991 costs 
based onadiustmentofthe 1984coststo March 1991 (ENRCCI4773). 

Based on minimum project size of 300 m (1 $00 LF) and grouting 100 
percent of joints. 
Remote testing and grouting packer system monitored by closed 
circuit TV. 

0 Costs are at December 1984 (ENRCCL4144); 1991 costs based on 
adjustment of the 1984 costs to March 1991 (ENRCCI4773). 
Does not include grouting preparation casts. 

connection to the new liner. This is done by pulling or 
pushing new pipe into a deteriorated pipeline. The liner 
forms a continuous, watertight length within the existing 
pipe after insta1lation.l 

Pipe insertion techniques can be used to rehabilitate 
sewer, water and other pipe lines that may have severe 
structural problems such as extensive cracks, lines in 
unstable soiU conditions, deteriorated pipes in corrosive 
environments, pipes with massive and destmctive root 
intrusion problems and pipes with relatively flat grades. 

Table 6-3. 

Advantages Disadvantages 

Advantages and Disadvantages of Sliplining 

Minimal disruption to 
traffic and urban activities 
(as compared to replacement) 

Minimal disturbances to other 
underground utilities; affects 
only those in the vicinity of 

access pits. 

Significantly less costly than 
replacement. 

Quick installation time. 

Good protection against acid 
corrosion 

Does not require bypassing. 

Wide range of pipe sizes 
(i.e., 3-144 in) 

Can be used to rehabilitate 
pipelines with severe 
corrosion. 

Possible reduction in 
pipe capacity 

Requires excavation 
of an access pit. 

Less applicable to sewets with 
numerouscurvesor bends, since 
multiple pits would be required. 

Requires obstruction removal 
of internal obstructions prior to 
sliplining. 

installation difficulties may be 
encountered during 
grouting of annular space. 

Advantages and disadvantages of sliplining as a method 
of rehabilitation can be found in Table 6-3. 

The most popular materials used to slipline sewer lines 
are polyolefins, fiberglass reinforced polyesters (FRP), 
reinforced thermosetting resins (RTR), polyvinyl chloride 
(PVC), and ductileiron (cement lined and polyvinyl lined). 

Polyethylene (PE) is the most common polyolefin material 
used and is available in low density, medium density and 
high density. High-density PE (HDPE) compounds are 
best suited for rehabilitation applications as they have 
good stiffness, are hard, strong, tough and corrosion 
resistant. PE pipe is manufactured as either extruded or 
corewall.’ Extruded pipe has smooth inner and outer 
surfaces and has structural characteristics that are 
determined by wall thickness. Corewall pipe has an 
exterior hollow rib which gives structural integrity to the 
pipe and minimizes pipe weight. Extruded PE pipe is 
manufactured in diameters of 5-122 cm (2-4 
corewall PE pipe 30-366 cm (12-144 in). Two national 
specifications ASTM P1248 and ASTM D3550, are 
available for design and reference. These standards 
apply to extruded PE pipe with circular cross-sections 
and diameters of 10-1 22 cm (4-48 in). 



Polybutylene (PB), anotherpolyolefin, is similarto medium 
density PE pipe in stiffness and chemical resistance but 
has better continued stress loa 
also has good tempe 
manufactured as extnrd 
(3-42 in). 

Centrifugally cast FRP pipe was originally manufactured 
in Switzerland in the 1960’s and is now being widely used 

RTR pipe is a composite of fibers and resins that are 

to be pushed into 
Friction losses are 

Flexible Pa46 has een used s u c c ~ s s f ~ ~ ~ ~  as 
material. PVC ish hly resistant to acid attack 
smooth, exhibiting g 
annular space is re$ 

sewer section. 

Sliplining is perform 

PE pipe, FRP pipe and 
is limited to small diam 
jacking machine is u 

pipe. 

For most insertion projects it is not necessary to eliminate 

70 



Figure 6-2. Insertion methods. 
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or Access Pit 

Minimum of Standard 

Push 
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Equipment required for the insertion of the sliplining pipe 
are: jointing equipment, pulling or pushing head, winch, 
rollers, proofing tool, grout tank and pump. The jointing 
equipment is used to join segmented pipe lengths to form 

facilitate the pulling of 
of the pulling head is 
while the other end is 

Table 6-5. Rehab Costs for Sliplining with PE Pipe 

Pi Mid 1974 March 1991 

6 
8 
I0 
12 
14 
16 
18 
22 

32 
36 

20 
21 
23 
25 
28 
32 
34 
39 
45 
54 
62 
72 

35-60 
40-60 
45 - 70 
50-75 
35-80 
60-95 
65-80 
75 - I15 
90- 130 
105 - 155 
120- 180 
155 - 190 

42 88 190-230 
48 1 02 220 - 275 6.4.3 Costs 

Tables 6-4 through 6-7 indicate the approximate costs for 52 110 250-290 
sliplining as a method of sewer r~habi~i~at~on. The data in 58 135 290 - 355 

for Sewer System Evaluation and ~ e h a ~ i ~ i t ~ t i Q ~  and 200 430-530 

1 52 330-400 
1 74 375 - 460 

225 485 - 595 
92 250 540-660 

100 275 595 - 725 

thesetablesarebasedsncoststakenfrom the ~ ~ n ~ ~ o o k  

1974 costs from Reference 2; 1991 costs based on adjusted 1974 
Costs. 

0 Costs include site preparation, insertion pit, pipe, materials, pipe 
welding, pipe installation, connection of one house service for every 6 
rn (20 ft) of pipe, pipe sealing at manholes and mobilization. 

Table 64. Rehab Costs for Sliplining 
Polybutylene R 

Pipe Dec. 1984 March 1991 
Diameter ENRCCI=4144 ENRCCI=4773 Table 66. Rehab Costs for Sliplining Reinforced 

(WF) (WF) Thermosetting Resin 

4 
8 

12 
16 
20 
24 
28 
32 
36 
43 
42 
48 
55 
63 

8 -  17 
12-29 
19-38 
25 - 47 
30-60 
28 - 75 
44 - 92 
58- 612 
68- I32 
78- 152 
85-156 
90- 196 
105 - 209 
I23 - 252 

9 - 20 
15 - 35 
25 - 45 
30-55 
35 - 70 
35-93 
55 - 110 
70 - 130 
80 - 155 
90-180 
100- 185 
I05 - 230 
125 - 245 
145 - 295 

Pipe DBC. 1984 March 1991 
Diameter ENRCCI=4144 ENRCCI=4773 

(in) (WLF) WLF) 

8 
12 
16 
20 
24 

36 
42 
48 
54 

20 - 26 
35 - 45 
45 - 55 
60-70 
75-80 
85 - 110 
110-130 
125 - 150 
145 - I70 
165- 185 

25-30 
40-55 
55 - 65 
70 - 85 
85-90 
loo- 130 
130- 150 
145 - 175 
170-200 
190 - 215 

60 175 - 220 21 5 - 255 
66 215 - 275 1984 costs from Reference 3; 1991 cosh based on adjusted 1984 

COSh. 
185 - 235 

Based on rnin. project size of 300 m (1,000 LF). 
Polybutylene pipe not available in sizes larger than 122 cm (48 in). 

* Lower cost ranges may apply 'Lo pipelines with good alignment, no 
need for spot repair, and no significant groundwater. 

0 Higher cost ranges may apply 'OY pipewith poor alignment, some need 
for spot repair and need for groundwater dewatering. 
Costs do not include: preparation of insertion access pit@); grouting 
or sand filling of entire liner pipe/existing pipe annual space; bypassing 
ofwastewater; costs for design engineering, construction management 
or design related services. 

0 Costs based on min. project size of 300 m (1 ,OOO LF). 
1984 costs from Reference 3 ; 1991 costs based on adjusted 1984 
Costs. 
Lower costs may apply for existing pipe with poor alignment, some 
need for spot repair, and need for groundwater dewatering during 
construction. 
Costs do not include. preparation of insertion access pit, connection of 
service to new line, grouting or sand filling of the entire 'liner pipe 
existing pipe" annular space, or bypassing of wastewater. 
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Table 6-7. Miscellaneous Rehab Costs for Sliplining 

Service Dec. 1984 March 1991 
Connection Size ENRCCI=4144 ENRCCI=4773 

4 or 6 in @ 4-8 ft depth 
4 01 6 in @ &12 ft depth 
4 or 6 in Q 12-16 ft depth 
4 or 6 in @ 16-20 ft depth 

Grouting 

Access Pit 
<1Q ft deph 

10-x) ft depth 
>x) ft depth 

($1 

4OOleach 
55Oleach 
7501each 

1 ,ooO/each 

2oo/cu yd of grout 

1 ,oOOm depth 
8oolft depth 
1 ,ooO/ft depth 

($1 

4651each 
64Qleach 
8701each 

1,165leach 

230/cu yd 

1 1Wft depth 
930lft depth 
1,165Ift depth 

Costs are for average traffic conditions and include pit sheeting and 
shoring in reasonably stable soil where groundwater dewatering is not 
necessary. 
1983 costs are from Reference 3; 1991 costs based on I984 adjusted 
Costs. 

from Utility Infrastructure Rehabilitation3 and were 
adjusted to current prices through the ENRCCI. Costs 
were alsoverified by contacting vendors and wntractors. 

6.5 Cured-in-Place Pipe Lining 

6.5.1 Description 
Inversion lining is formed by inserting a resin-impregnated 
felt tube into a pipe, which is inverted against the inner 
wall of the pipe and allowing it to cure. After the lining 
system has been installed and cured, a special cutting 
device is used with a closed-circuit TV camera to reopen 
service connections, which are located with the camera 
before the liner is installed. The pliable nature of the 
resin-saturated felt prior to curing allows installation 
around curves, filling of cracks, bridging of gaps, and 
maneuvering through pipe defects. After installation, the 
fabric cures to form a new pipe of slightly smallerdiameter, 
but of the same shape as the original pipe. The new pipe 
has no joints or seams and has a very smooth interior 
surface which may actually improve flow capacitydespite 
the slight decrease in diameter. 

Two resin types (polyester and epoxy) are widely used in 
this method of pipe rehabilitation. Both these resins are 
liquid thermosetting resins, and have excellent resistance 
todomestic wastewater. Chemical resistance tests should 
bespecified for ClPP forother thandomestic wastewater 
in accordance with ASTM F1216x2. Vinylester resins 
may be used where superior corrosion resistance is 
required at high temperatures. E xy resins are used 
where adhesion to the existing pipeline is desired. 

Table 6-8. Advantages and Disadvantages of Cured-In- 
Place Lining 

Advantages Disadvantages 

Applicable to all shapes 

Rapid installation 

Minimum traffic disruption 

Bypass required during 
installation 

Post-installation remote 
camera inspection required 

Maximum effluent 
temperature 82°C (180°F) 
using specially formulated 
resins 

Excavation normally not required 

In-line lateral reconnections 

Improved hydraulics 

Bridges gaps and misaligned joints 

Special resins are available 
to provide acid resistance. 

Custom designed wall thickness 
to aid in structural strength 

Only 50-7Q percent of 
replacement costs 

Adds some structural integrity 

Does not interfere with or 
damage other utilities 

No pavement repairs 

Safer than some other rehabilitation methods. 

Inversion lining is successful in dealing with a number of 
structural problems, particularly in sewers needing minor 
structural reinforcement. Caution must beused, however, 
in the application of this method to any structural problems 
involving major loss of pipe wall. Inversion lining can be 
accomplished relatively quickly and without excavation 
and thus this methadof pipeline rehabilitation is particularly 
well suited for repairing pipelines located under existing 
structures, large trees, or busy streets or highways 
where traffic disruption must be minimized. Inversion 
lining produces minor reductions in pipe cross-sections. 
It is applicable to non-circular pipes and pipes with 
irregular cross-sections. This method is also effective in 
correcting corrosion problems and can be used for 
misaligned pipelines or in pipelines with bends where 
realignment or additional access is not required. See 
Table 6-8 for a summary of the advantages and 
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disadvantages of sewer rehabilitation by cured-in-plac 
lining. 

There are currently three processes that have been 
States that lassified as 
Paltem, an Inliner. 

6.5.1.2 PaHem 

in Japan through a joint venture between Tokyo Gas and 
a private company, Ashimri Industries, for rehabilitating 

ht to the United 
ere have been various demonstration 
e full-scale municipal sewer projects. 

size range is 2-600 cm (0.75-40 in); 

tomatic Lining System) wasdevelo 

relevant to physical testing, at this time there appears to 
be no third party documentation for the Paltern 
The specifications covering this 
ASTM F-1216. 

; however, there are 

ilable sometime 
in the future. The maximum installation length is 
approximately 
ASTM F-1216 
There is no thi 

600 ft). Application for inclusion ' 
ade in 1990 and is still pendin 

Bsc. 1984 Mar. 1991 
ENRCGI4144 ENRCCl-4773 

(in) ww ($Rb) 

6 25-40 30-45 
1Q 49-65 600-75 
14 65- 105 75- 125 
18 75- 125 $0- 145 
21 85- 1% 100- 160 
24 95- 165 110-190 
27 405 - 175 125 - a5 

115- 190 135 - 220 
33 $20 - 215 140 - 250 

1 55 - 270 

are based on minimum project size of 300 m (1 ,OOO LF). 
costs tom Reference 3; 1991 costs based on adjusted 1984 

costs. 
0 Costs do not indude providing temporarywater or natural gassenrice 

for the curing process, design aonstruction management, ar design 
related services. 

physical properties or design parameters used for this 
process. 

6.5.2 ~ r Q c e ~ u r e ~  
~ n s ~ a l ~ a ~ i ~ n  of cured4 lining is carried 
out by inserting the resin-impregnated fabric tube (turned 
inside out) into the existing pipe line and inverting it as it 

resses inside the pipe. It is then cured in place 
gh the use of heated water or air steam. Prior to the 

~nsta~lat~on of the liner, the pipeline section must be 
cleaned to remove loose debris, roots, protruding service 
connections, and excessive solids. The preparation and 
i n ~ a ~ ~ a ~ i o n  ures are illustrated in Figure 6-3.' The 
pipeline se must be isolated from the system by 
~ypass~ng flows during the installation of the inversion 
lining. The inversion felt tube liner is usually inserted from 
existing manholes. Following curing of the liner, the ends 
are cut and sealed and service connections are restored. 

sfs 

See Table 89 for 'matecosltsof sewer rehabilitation 
by cured-in-plac sion lining. The costs in these 
tables are based on costs taken from Uti/;&-Infrastructure 

and were adjustedto current prices through 
st index. Costs were also verified by 

contacting vendors and contractors. 
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Figure 6-3. Installation of Cured-ln-Place inversion lining ( ~ n s ~ t M f o r ~ ~ .  

3 

t 

75 



6.6 Fold an ed 

This process uses a folded thermoplastic (PE or PVC) 
pipe that is pulled into place and is then round 
conform to the internal diameter of the existing pipe. This 
method of pipe rehabilitation can be considered as an 
improved version of sliplining. Excavation is not required 
for installation when there are existing manhole access 
points, and lateral reinst ement is a c c o ~ ~ ~ ~ h ~ d  
internally. The finished pipe as no joints and produces 
a moderately-tight fit to the existing pipe wall. This 
method of pipe rehabilitation is less versatile than cured- 
in-place methods in terms of diameter range and 

nly slight offsets and bends can be 
negotiated. 

The fold and formed method of rehabilitation does not 
require a long curing process in terms of speed of 
installation. This processof rehabilitation has been carried 
out in the United States for the last 2-3 years.There are 
currently two fold and formed processes c ~ ~ m e r c i a ~ l y  
available in the United States: U-Liner and Nupipe. 
Some municipalities have tried them for experimental 
and evaluation purposes. Fold and formed method off 
pipeline rehabilitation are suitable for pi 
10-40 cm (4-1 6 in) with typical lengths of installation 
90-1 80 linear m (300-600 ft). Fold and formed technolo 
is currently being developed for 60-cm (24-in) diameter 

6.6.1 U-Liner 
The U-Liner techno1 y was developed by Pipe Liners 

e pipe material 
States by Quail 
s, Texas. The U 

manufacturing process is specified by ASTM as deformed 
HPDE. This rehabilitation technology has 
commercially available in the United States since 

High density polyethylene resin conforming to the 
requirementsof ASTM 1248, Type HI, Class 6, Category 
5, Grade P34, is u and it iscurrently available in SDR 
32.5, 26 and 21. selection of the appropriate wall 
thickness will depend on the particular loading conditions 
from project to p U-liner isextruded as round pipe, 
conforming ts B-3350, and then through a 
combination of heat and pressure, is deformed into the 
“U” shape. It is then wound onto spools ready for 
installation. This technology is currently applicable for 
pipe sizes of 10-40 crn (4-16 in). Approximately 100 
linear km (350,000 ft) of pipe has been installed in the 
U.S. by U-Liner Licensees. The U-Liner polyethylene 

material has been independently tested for material 
strength and physical properties and has been accepted 

~ ~ ~ ~ ~ f ~ ~ ~ ~ j Q n ~  for Public Works 
~ o n § ~ ~ ~ t i Q n ~ ~  

The ~ns~alla~~om of U-Liner is basically a three step 

of the folded pipe, 

coefficient of thermal expansion 
d with the extreme temperature 
h the process, sufficient time 
Re ~~~~~~ to stabilize before 

ess was developed in the US. and has 

, the folded PVC is wound 
ilable in 15-30 cm (6-12 in) 

ting has shown that SDR 35 is 

VC pipe. As with 
eof PVC is excellent. 

The installation of Nu ipe includes cleaning of existing 
host pipe along with TV inspection to determine the 
extent of deter~or~ti5n an to verify the applicability of 
NuPipe. A flexible reinforced liner called the Heat 
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~ 

Figure 6-4. U-Uner installation method. 

Power, SteamfPressure Generation, 
Studio Operating Room 

End Restrained Restored Broken Pipe 

Containment Tube (HCT) is inserted into the host pipe. 
The HCT provides a closed environment in which the 
NuPipe is installed and processed. After the HCT has 
been strung through the host pipe. The folded PVC is 
heated while on the spool and is pulled through the host 
pipe. Heating the plastic reduces the forces required to 
pull the pipe in place. Once the folded PJuPipe reaches 
the termination point, steam is introduced into the system 
both through the interior and around the exterior of the 
folded pipe. The use of the HCT also allows for heating 
both sides csf the plastic to provide complete heat transfer 
through the pipe wall which minimizes the effect of 
infiltrating water. After the PVC becomes pliable, a 
rounding device is introduced into one end of the pipe 
which is then propelled through the folded pipe. The 
rounding device progressively roundsthe Nu Pipe, moving 
standing water out of the way while also expanding the 
plastictightOyagainst the host pipe, creating a mechanical 
lock at joints and laterals. pp~oximateIy~~-70 kPa (5-6 0 
psi) is needed to propel the roun~ing device. Cold water 
is then injected into the NuPipe effectively quenching the 
plastic. The installation process is shown in Figure 6-5. 

6.6.3 Costs 
The costs of U-Liner and NuPipe are not well established 
due to the recent entry of these two technologies into the 
sewer rehabilitation field. The cost of Fold and Formed 

installationsvary widely indifferent geographic regionsof 
the country depending on availability of materials, 
availability and experience of installation contractors, 
level of competition, and length and loading condition of 
the sewers to be rehabilitated. 

Review of limited competetive bid prices received from 
Pipe Liners, lnc. for U-Line indicates a price rangeof $60- 
78/LF for 20- to 30-cm (8-1 2-in) diameter pipe, including 
cleaning. Laterial reinstatement costs were reported to 
range from $200 to $216/unit. Price information was not 
available from NuPipe. 

Engineers and municipalities considering Fold and 
Formed technologies are encouraged to contact the 
manufacturer and local instailersof the technology and to 
review installation costs for recently-installed projects in 
their locality. 

6.7 Specialty Concrete’ 

6.7.1 Descripfiun 
Specialty concretescontaining sulfate resistant additives 
such as potassium silicate and calcium aluminate have 
shown greater resistance than typical concrete to acidic 
attack on sewer pipes and manhole structures. 
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Table 6-10. Advantages and Disadwan 
Concretes 

Advantages Disadvantages 

Excavation required for sharp 
ends or cuwes 

0 Cannot be done in winter if 
freezing potential exists 
Bypass required 

preparation required 
(e& chipping, sandblasting) 
Access holes required every 
150-210 m (500-700 ft) 
Concrete shelf life must be 
trackedforthe pojgctduration 

e Transportation cast 
higher for concrete 

0 May not provide adequate 
corrosion resistance 

Gecnm&m 
Minimal service interruption 

Improved structural integrity 

Applicable for wide range of 
pipe sizes 0 Extensive surface 

0 Extensive surface 
!stU&%m 

Minimal excavation required 
Access is through manholes 
Can restore structural 
integrity to a pipe that 
would otherwise require 
replacement 
Minimum traffic interruptions 
Applicable to all shapes of 
man-entry size pipes 

preparation required 
Extended downtime period 
of 3-7 days or longer 
required for cleaning 

0 Some reduction in 
hydraulic capacity 
Limited to manaby 
size sbuctures 

0 Concrete shelf life to be 
?racked for project duration 
Transportation cost high 
for concrete - May not provide adequate 
corrosion resistance. 

. 
Cleaning required 

G?auaam 
Established procedure 

cements can resist attack by many substances including 
mineral salts, mild solutionsof organic and mineral acids, 
sugar solutions, fatsand oils. Acid reagents used in some 
cases are also effective bactericides.' 

Applicability of specialty concrete depends on the degree 
of corrosion-related deterioration and the structural 
integrity of the sewer. Thin film specialty concrete is 
applicable to mildly deteriorated pipes or structure, 
whereas an elastic membrane concrete system is 
applicabletoall cases. Aftercuring, the specialty concrete 
bonds firmly to the original surface. The new acid- 
resistant layer, if applied and cured properly, extendsthe 
useful iifeofthe structure. Advantagesand disadvantages 
of specialty concretes are listed in Table 6-10. 

6.9.2 Procedures and Equipment 
Specialty concretes are avaiiable in three types: cement 
mortar, shotcrete, and cast concrete. Acid resistant 
mortars have been used in industry as linings in tanks or 
as mortar bricks. Development of mechanical in-line 
application methods (centrifugal and mandrel) has 
established mortar lining as a suecessful and viable 
rehabilitation technique for sewer lines, manholes and 
other structures. 

Mortar lining is applied Lasing acentrifugal lining machine. 
The machine has a revolving, mortar-dispensing head 
with trowekon the backtosmooth the mortar immediately 
after application. In smaller diameter pipes a variable 
speed winch pulls the lining machine through a supply 
hose. Reinforcement can also be added to the mortar 
with a reinforcing spiral-wound . The reinforcing rod is 
inserted into the fresh mortar and a second coat is 

Simple to ddgn 
Applicable to all shapes of 
Pipes 

Bypass required applied over it. For man-entry structures the mortar can 
manually with a trowel. 0 Seldom applicable to pipes 

less than 1.2 m (4 ft) in 
diameter - Concrete shelf life to be 
tracked for Project duration 
Transportation cost high for 

. m y  not provide adequate 

Shotcrete, sometimes referred to as gunite, is a low- 
moisture, high-density mixture of fine aggregate (particle 
size of 19 mm 10.75 in] and smaller), cement and water; 
solids to liquid mix ratios are typically 5:1. Well placed 

concrete 

coriosion resistance 

Specialty concrete isused to reinforce weakened concrete 
pipesand structuresby applying an acid resistant coating 
over the original surface. Specialty concretes are unique 
in that their matrix is not formed by a hydration reaction. 
Rather, they are the result of the reaction of an acid 
reagent with an alkaline solution of a ceramic polymer of 
potassium silicate. Portland cement releases calcium 
hydroxide during hardening whereas the specialty 
cements do not release calcium hydroxide. Specialty 

shotcrete has a high modules of elasticity (greater than 
4 million psi) and a coefficient of thermal expansion 
similar to that of IQW carbon steel. Bonding with the 
original sudace isusuassy s~~ongerthan the base material 
itself, with better adhesion occurring with the more 
deteriorated and irregular existing pipe. Shotcrete is 
applied to a minimum thickness of 5 cm (2 in). Shotcrete 
is used in man-entry size sewers (81 cm 132 in] or 
greater) and manholes. Prior to shotcreting, reinforcing 
steel is set into place. The shotcrete lining machine is self 
propelled and controlled by a person riding it. Mortar is 
supplied to an electrically driven supply cart that conveys 
mortar from the access hole to the feeder which is 
attached to the lining machine. The d specialty cement 
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Table 6-1 1. Costs for Rehabilitation Using Specialty 68.1 Description 
Concretes sing liners include the 

nels or flexible sheets on 
hor boltsorconcrete Repair Cost Repair Cost Cost to 

Item Severely Corroded Mildly Corroded Apply to 
Concrete concrete N ~ W  concrete pen~trat~ng naits shot info 
($/sq ft) ($m ft) ($/sq fi) of liners are: available for 

Cement with 
Polymer Lining 16-18 9- 11 5 - 6  

Cement with acid 
Proof Concrete 22 - 27 16- 19 16 - 19 Bass ~ e ~ ~ f o r c ~  cement liners 

lass reinforced plastic liners 

Cement with urethane 
Membrane 22 - 27 16- 19 16- 19 

Mildly Corroded - Less than 13mm (34-in) loss of concrete. No 
reinforcement attack. 
Severely Corroded - Greater than 13mm (34-in) concrete loss. May 
require replacement of reinforcement. 
Costs include installation. 
Costs obtained from Repor7 to Congress: Sulfide Corrosion in 
Wastewater Collection and Treatment Systems1. 

and aggregate is mixed with water in a specially designed 
spray nozzle. Hydration occurs, and the resulting mixture 
is shot into place under pressure. Curing occurs under 
moist conditions for the first 24 hours and-an additional 
six days at a temperature above 4°C (40OF). 

Cast concretes are potassium silicate bonded, poured or 
cast in place structural concretes. They typically have 
half the in-place density or strength value of shotcrete. 
Solids to liquid mix ratios are generally 2:1, similavto 
cement mortar. 

Cast concrete is poured over prefabricated or hand built 
interior pipe forms that can be removed and reused 
section by section. Reinforcing steel is added between 
the original surface and the form, setting within the cured 
thickness. 

Each of the three application techniques requires prior 
cleaning to remove oils, greases, foreign objects, and 
loose materials, as well as wastewater bypass during 
application and initial curing. 

6.7.3 Costs 
Table 6-1 1 provides typical costs for the three types of 
specialty concrete.’ The costs in this table were obtained 
from Report to Congress: Sulfide Corrosion in Wastewater 
Collection and Treatment Systems1 and were adjusted to 
current pricesthrough theuseof acost index. Costs were 
also verified by contacting vendors and contractors. 

6.8 Liners’ 

PVC liners are manu~ac~ured from acid-resistant, rigid 
C which has excellent resistance to 
initially conductive to better hydraulics 

than concrete. The liner is com sed of high molecular 
hloride resins combined with chemical- 
icizers. The completely inert mixture is 

ressure and temperature into a liner 
plate with a ~ i n ~ m u r n ~ h i c ~ n ~ s s o ~  1.6 rnm (0.065 in). The 
liners are pin-hole free, forming an effective barrier to 
gaseous penetration. 

migar to PVC liners but are made of 
ins. These liners are tough, ri 

resistance, smooth and inexpensive. 

plastic liners are manufactured in 
nesses and consist of a composite of 
esistant resin. The resinsare specified 

e of acid resistance required. The 
has high mechanical and impact strength and 
asion resistance. These liners can be 

manufactured to a wide variety of shapes and are 
applicable to sewers over 107 cm (42 in) in diameter. 

ers do not provide any structural support but 
n adequatecorrosive barrier and smooth 

urally sound sewers. These liners have 
and no apparent permeability. 

Fiberglass reinforced cement liners consist of cement 
aRdggass f~~e~~~ They usually are9.8 mm (0.385 in) thick 

el dorm. They have high mechanical 
and good acid and alkaline resistance. 

They are also highly resistant to abrasion with negligible 
ab nd permeability. These iiners are not designed 
to earth loads and should be used only in 
structurally sound sewers. The liners can be easily 
assembled Po fit variations in grades, slopes and cross- 
section. The smooth interior surface improves hydraulic 
capabilities. These liners can be used in circular, oval, 
rectangular and other sewer shapes above 107 cm (42 
in) in normal size and can be segmented to fit the 
diameter required. 
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Table 6-12. Advantages and Disadvantages of Uners 

Advantages Disadvantages 

Material Gost inexpensive Applicable only to man entry 
sizesewers (Le., 76 cm [2.5ft] 
01 greater) 

Liner materials have very 0 Susceptible to leakage 
due to number of joints 

No disruptions to traffic 0 Timely to install. Thus 

good acid resistance 

as installation is performed 
entirely in-line uneconomical. 

Smooth surfaces provide 
good hydraulics 

total project cost may be 

Prolonged bypass required 

Suifaca preparation required 

PE can crack in areas of 
turbulent flow 

Figure 6 6 .  Detail of liners with anchors. 

Extruded Anchors 
9.5rnm High 

Concrete Poured in Form 

flexible PVC Membrane 
I .5mm Thidc 
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Table 81 3. Rehabilitation Costs for Unhg with Cement 
Mortar and Stpotcreie liners as a sewer 

turbulent flows. 

Pipe 1 March 1991 
Diameter ENRCCI=4144 ENRCCI=4?73 

12-21 
24 13-27 

I 6  - 
I? - 
22 - 51 

15 - 25 

20-50 
25-60 

a Costs are for deaning and lining only. 
Valve rehab., bypass installation, pavement removal, etc., are not 
included. 

0 Costs are base contractor bids. 
0 1983 oos& are from Reference 3; 1991 costs based on 1983 costs. 

48 160-125 
54 115- 158 
66 125- 175 
66 135 - $85 
72 I58 - 220 

176 - 250 
200 - 285 

108 225 - 315 

115 - 145 
135 - 175 
145 - 205 
160 - 215 
175 - 255 
205-290 
230-330 
260 - 365 

on minimum project size of 300 rn (1,000 LF). 
1983 costs are from Reference 3; 1991 costs b W  on adjusted 4 983 

Costs apply to circular and noncircular pipe. 
Lower rates f orexisting pipewith good pipe aiignment, no need for spat 
repair, and no significant groundwater. 
Higher costs for existing pipe with paor pipe alignment and some need 
for groundwater dewatering. 
a t s  include deaning of existing line; material, labor and equipment 
for reinforced shotcrete placement; bypassing of wastewater; 
restoration of up to 20 services; contractor mobilization and 
demobilization: bonds and insurance. 

Costs. 

Table 6-14. Rehabilitation Costs %or Lining with Anchors 

April 1989 March 1991 
lteN? ENRCCl=457? ENRCCI=47?3 

($1 ($1 

Black: 4 x 8 ft sheet 
White: 4 x 8 ft sheet 
Anchor liner 4-8 W x 204 L 
Anchor 25ft W x 20-fl L 
1116-in thick - 48 x 50 in 
33241-1 thick - 48 x 50 in 
d/8-in thick - 48 x 50 in 
316-in thick - 48 x 25 in 

60.8Oieach 
6Oo.80/each 

1.9oiq ft 
2.25/sq ft 

22O/roll 
3OOlroll 
4OOlroll 
325/roll 

Prices do not include primer and installation. 
0 Prices do not include any site work. 

1991 costs based on adjusted 1989 costs. 



Table 6-15. 

Advantaaes Disadvantages 

Advantages and Disadvantages of Coatings 

Economical 

No disruption to traffic of 
other utilities 

Most are fast curing, some 
cure in less than one hour 

Quick to apply 

Can be applied to uneven 
surfaces 

. 
Applicable only to man-entry 
sewers and manholes 

Surface imperfections- 
pinholes, blowholes 

Poor bonding to vertical 
or overhead surfaces 

Bypass required 

Surface preparation 
required 

Few contractor inexperience 
with products 

Surface repairs often required 
prior to application 

Still a developing technolow 

6.9.1 Description 
Coatings include a myriad c$roprietary materials including 
coal tar epoxy, concrete sealers, epoxy, polyester, silicone, 
urethane, and vinylester that can be applied by spray 
machines or brushed onto a concrete surface. They are 
intended to form an acid resistant layer that protects the 
substrate concrete from corrosion. Coatings have been 
applied to sewer pipes and manholes since the 196O's, 
with mixed success. The lack of success is largely due to 
the specification of coating materials on the basis of 
manufacturer claims without actual field testing'. As a 
result of these findings, rehabilitation engineers are 
recommending standard field testing of new products 
prior to their use. Some of the advantages and 
disadvantages involved with the use of coatings are 
listed in Table 6-1 5. 

6.9.2 Procedures and Equipment 
Application of coatings usually includes the following 
procedures: 

bypass of wastewater 
prepare/clean concrete surface 
allow concrete surface to dry 
apply coating by brush or spray (more than one coat is 
usually necessary) 
allow coating to cure 
remove bypass. 

Table 6-16. Costs for Rehabilitation Using Coatings 

March 1991 Aoril1989 

Asatapoxy (Epoxy) 9-19 9-20 
Agatapoxy Gel (Epoxy) 7 7.50 
Plasite (Epoxy) 5 5.50 
Sancon (Urethane) 9 9.50 

Costs obtained from Report to Congress: Sulfide 60rrosion in 
Wastewater 6o//ection and Treatment Systems'. 

9 1991 costs based on adjusted 1989 costs. 

Most coatings can be brush or spray applied. Spray 
application requires3,OOO psi, which isdoublethe pressure 
used for conventional airiess spraying. 

Spraying is excellent for coating uneven surfaces and is 
much faster than brush application methods for some 
products. 

6.9.3 Costs 
Approximate costs for various types of coatings are 
shown in Table 6-1 6. 

6.10 All Techniques for Man 

6.10.1 Description of Maferiais, ment and 
Products 

Sewer manholes require rehabilitation to prevent surface 
water inflow and groundwater infiltration, to repair 
structural 'damage and to protect surfaces from damage 
by corrosive substances. When rehabilitation methods 
will not solve the problems cost-effectively, manhole 
replacement should beconsidered. Selection of a particular 
rehabilitation method should consider the type of 
problems, physical characteristics of the structure, 
location, condition, age and typeof original ~onstruction.~ 
Extent of successful manhole rehabilitation experiences 
and cost should also be considered. 

Manhole rehabilitation methods are directed at either: (1) 
the frame and cover, or (2) the sidewall and base. The 
following is asummaryof manholeand base rehabilitation 

Advantages and disadvantages for these 
rehabilitation methods are presented in Table 6-1 7. 

6.10.2 Description of Procedures 
Manhole rehabilitation methods are directed a12 either: (1) 
the frame and cover, or (2) the sidewall and base. 
Manhole frame and cover rehabilitation prevents surface 
water(stormwaterrunoff) fromflowing intothe manholes. 
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Table 6-17. Advantages and Disadvantages of Manhole and Sump Rehabllitation Methods4# 

Method Advantages Disadvantages 

FRAME AND COVER 
Stainless steel, Simple to install Restricts natural venting 
and neoprene washers 
or corks in holes 
in covers. 

Prefabricated lid 
insert 

Joint sealing tape 

Hydraulic cement 

Raise frame above 
grade 

SIDEWALL AND BASE 
Epoxy or polyurethane 
coatings on interior 
infiltration 

Chemical grout 

Structural liner 

Hydraulic cement 

Raise frame 

SIDEWALL AND BASE 
Epoxy or polyurethane 
coatings on interior 
walls 

When installed properly it 
prevents surface water, sand and 
grit from entering manhole 
through or around cover. 

Simple @install 

Provides strong waterproof 
seal to stop infiltration 

Minimizes inflow through 
cover and frame. 

Protects interior walls 
against corrosion and 

Can be very inexpensive 
method for stopping 
infiltraion. 

Provides structural 
restoration; manholes requires 
less disruption of traffic and 
utilities than replacement; 
longer service life than coatings. 

Seals manhole frame in 
place. Prevents infiltration 
between frame and cone section. 

Prevents surface water 
inflow through manhole cover. 

Protects wall from corrosion 
and infiltration on structurally 
sound manholes. 

Requires perfect fit 
forsuccess. 

Short service life. 

Labor-intensive; 
freeze thaw cyde may 
reduce patch life. 

Limited to areas outside of 
street right-of-way. 

Requires structurally 
sound and dry manhole surface walls 
must be very dean prior 
to application; short service life. 

Short service life; 
cannot predict amount of grout 
required to eliminate infiltration. 

Complex and costly installation 
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Surface water from storm runoff, etc., can often flow into 
the manholes through the holes in the cover lid, through 
the annular space around the lid and the framed cover 
and under thle frame if it is improperly sealed. Manhole 
frames and covers can be rehabilitated by the following 
techniques: 

By installing stainless steel bolts with caulking 
compound and neoprene washers or corks to plug 
holes in the cover. 
By installing a prefabricated lid insert between the 
frame and the cover. These plastic lids are resistant to 
corrosion and damage by sulfuric acid or road oils. The 
lids come with gas relief and vacuum relief valves to 
allow gas escape. They prevent water, sand, and grit 
from entering the manhole. The lids are easy to install, 
can fit any manhole, and require periodic maintenance 
to function properly. 
By installing a resin based joint sealing tape between 
metal frame and cover. The sealing tape provides 
flexibility to seal imperfectly fitting surfaces and to 
move with ground shifting. These sealing tapes can be 
used for all types of manholes. 
Cracks and openings on the existing manholejframe 
seals are applied with hydraulic cement and 
waterprmfing epoxy. 
By raising the manhole frames to minimize flows 
through the frame covers. 

Manhole sidewall and base rehabilitation is primarily 
done to prevent infiltration of groundwater. Casting or 
patching can be used to rehabilitate structurally sound 
sidewalls. Complete replacement should be carried out 
for severely deteriorated manholes and bases. Manhole 
steps also deteriorate frequently and they should be 
replaced. Manhole sidewall and base rehabilitation can 
be carried out by the following procedures: 

By applying epoxy, acrylic or polyurethane based 
coatings to the interior wall of the manhole. These 
waterproof and corrosion resistant coatings can be 
applied to brick, block and precast concrete manholes 
and bases. The coatings are applied by towel brush or 
sprayer. Prior to coating application, the surfaces of 
the manhole walls should be cleaned and all leaks are 
plugged using patching or grouting materials. 
By applyingchemical grout from interiorwallsto exterior 
walls to stop infiltration through cracks and holes. 
By inserting structural liners inside existing manholes. 
These liners are typically fiberglass of the reinforced 
polyester mortar type. 

6.10.3 Costs 
Manhole rehabilitation costs are provided in Table 6-18. 

Table 6-18. Rehabilitation Costs - Manhole Techniques 

March 1991 
Item ENRCCI=4773 

($1 

Chemical grouting" 
Seal frames to corbels* 
Chemically seal and plaster walls* 
Raise manhole to grade. 
Replace frame" 
Insert structural liner' 
Manhole replacement"" 
Manhole repair" 
Raise manhole frame and cover"' 
Manhole cover reolacement*' 

540 - 835lmanhole 
395 - 415lmanhole 
395 - 430lmanhole 

645 - 1,095lmanhole 
415 - 645lmanhole 

4,610 - 13,825feach 
1,200 - 2,395leach 

120 - 1,2OO/each 
240 - 360leach 
120 - 24Oleach 

* CostsbasedonReference3,Dec. 1984(ENRCCI=4144)adjustedto 

** Costs based on Reference 2, Mid. 1974 (ENRCCI=1991) adjusted to 
March 1991 (ENRCCI=4773). 

March 1991 (ENRCCI=4773). 

6.1 1 Service Lateral Techniques 

6.1 1.1 Description 
Service laterals are the pipes that connect building 
sewers to the public sewer main. The service laterals 
usually range in sire from 7.5 to 15 cm (3-6 in) and are 
often laid at a uniform slope from the building to the 
immediate vicinity of the main sewer. They can enter the 
sewer at angles of 0-90 degrees from horizontal. For 
many years the effect of leaking service connections 
were considered insignificant because it was assumed 
that most service connections were above the water 
table and therefore subject to leakage onlyduring periods 
of excessive rainfall or high groundwater levels. Recent 
studies indicate that a significant percent of infiltration in 
any collection system is the result of service connection 
defects such as cracked, broken or open-jointed pipes. 
Service connections may also transport water from inflow 
sources such as roof drains, cellar and foundation drains, 
basement or subcellar sump pumps, and storm water 
flows from commercial and industrial properties. In a 
national survey carried out by state and local agencies, 
it was found that the estimated percentage of total 
system infiltration from service laterals ranges from 30 to 
as high as high as 95 percent in some cases. 

6.11.2 Procedures and E&ipment 
Following are the procedures and equipment used for 
rehabilitating sewice laterals: 

Chemical Grouting: The following chemical grouting 
methods are utilized: 
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Table 6-19. wlce Lateral Rehabilitation Costs Table 6-20, Miscellaneous Additional Rehabilitation Costs 

Sealing (t seal by joint) 1,980 

Sliplining 1,730 

Add two way d m  out 4a 

Air test 
P ~ a l  or entire lateral 
Lateral connection to main 

Exfiltration test 

75 
x#, 

75 

TV in n 

Lateral connection to main 
flemaining Iatwai 

650 
590. 

Chemical Grouting 4W- 1,155 

0 Casts basedl on Reference 3, December 1984 (ENRCCO=4144) 
to March 19991 (ENRCCI4773). 

: Chemical grout is injected through 
sltional sealing packer from a sewer main into the 
connection to be grouted. The forced grout 

surroundsthe pipe and a seal is formed after the gel has 
set. Excessive grout is augured from the building sewer 
and the sewer is returned to service after the sealing has 
been accomplish 

Sewer Sausage Method: This method is similar to the 
ept that a tube is inverted into the 
fore sealing to reduce the quantity 
and to minimize the amount of 

cleaning required after the sealing has been completed. 

meraPacker Method: This method utilizesa miniature 
TV camera and a specialized sealing packer which is 
pulled out while it is simultaneously repairing faults that 
are seen through the TV camera. The equipment is 

item March 1991 
ENRCCI4773 

House service pipe replacement 
House service pipe repair 
Roof leader drain disconnection 
Foundation drain disconnection 
Cellar drain ~ i ~ ~ ~ ~ o ~  
Area drain discennection 
Cross connmction plugging 
Rain from springs plugging 

($1 

1,440 - 2,875 each 
480-96Oeach 
120- 18oeach 

720 - 2,875 each 
120-84OWdl 
120-84Oeach 

240 - 1,200 each 
1,200 - 5,990 

on Reference 2, Mid. 1974 (ENRCGI-1993) adjusted to 
ch 1m1 (ENRCCI47Sr3). 

Table 6-21. Sewer System Evaluation Suwey Costs 

March 1991 
FNRCC14.4773 

(rn) 

Rainfall Simulation 
Smoke testing 
Dyed water testing 
Water flooding 

(Pipe Diameter, in) 

6 
8 

10 
92 
15 
18 
21 
24 
30 
36 

0.35 - 0.60 

0.35 - 0.75 
0.60-1.20 
0.60 - 1.20 

0.75 - 2.65 
0.60 - 2.15 
0.75 - 3.15 
0.85 - 4.10 
0.95 - 5.05 
1.20 - 5.40 
1.70-8.40 
1.95 - 10.20 
2.75 - 13.20 
3.50 - 16.30 

(Pipe Diameter, in) 

6 1.10 - 3.00 
8 0.85 - 2.90 

18 0.75 - 2.75 
12 0.75 - 2.90 
15 0.75 - 3.15 
18 0.85 - 3.35 
21 0.95 - 3.75 
24 1.20-4.20 
30 1.35 - 4.80 
36 1.80 - 5.30 

Costs based on Reference 2, Mid. 1974 (ENRCCI=I991) adjusted to 
March 1991 (ENRCCI4773). 



Table 6-22. Sewer Pipe Problems with Applicable 
Rehabilitation Methods 

Problem Rehabilitation Method 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 
9. 

Poor structural integrity 

Significantly misaligned pipe 

Additional sewer capacity needed 

Most rehabilitation methods wouM 
reduce sewer capacity to 
unacceptable levels 
Pipe is seriously damaged 

Excessive infiltration in 
non-pressure pipes 
Leaking pipe joints which are not 
badly offset or misaligned 
Circumferential cracks 
Small holes 

10. Small radial cracks 
1 1. Serious root problems 
12. Severe corrosion 

13. Damaged pipes under structures, 
large trees, or busy streets 

14. Problems in non-circular pipes 

15. Mildly deteriorated structure 

16. Corrosion; structurally sound; 
diameters of 76 cm (2.5 ft) or 
greater 

17. Corrosive or acidic wastes 

18. Pipes with misalignment or bends 

a. Excavation and 
replacement 

b. Insertion 
c. Some specialty concretes 
a. Excavation and 

replacement 
a. Excavation and 

replacement 
a. Excavation and 

replacement 

a. Excavation and 
repiacemen t 

a. Chemical grouting 
sliplining CIPL, etc. 

a. Chemical grouting, ClPL 

a. Chemical grouting 
a. Chemical grouting 
a. Chemical grouting 
a. Sliplining, ClPL 
a. Sliplining, ClPL 
b. Cured-in-place inversion 

lining, sliplining 
a. Cured-in-place inversion 

lining, sliplining, coatings 
a. Cured-in-place inversion 

lining 
a. Cured-in-place inversion 

lining 
a. Liners, ClPL 
b. Coatings 

a. Sliplining 
b. Specialty concretes 
c. Liners 
d. Coatings 
e. Curd-in-placa inversion 

lining 
a. Cured-in-place inversion 

linincm 

87 



removed and the service connection returned to service 
after the repairs 

similar to the sewer 
insertion of a resin- 

polyester felt liner into the service 
ace is created between the liner and 

infiltration migrat 
to correct slight 

the upstream side of 
the service ~ n ~ ~ t ~ n  line. A variation from the sewer 
main ~ n s ~ ~ ~ l a ~ i o n  is the use of a special pressure chamber 

rovide the needed pressure to invert the fabrii 
e r v b  pipeline. A f t e r t ~ e ~ m ~ ~ e t ~ n  
, the downstream end of the liner is 

cut m ~ ~ u a l ~ y  or via a remotely controlled cutting device 
r main. The upstream end is trimm 
, restoring the sewer sewice. 

11.3 costs 
Costs for rehabilitating service laterals are presented in 
Table 6-1 9. 

.I 2 Miscellaneous Costs 

6.12. 1 ~ e h ~ ~ i l i ~ a t i o n  
There are miscellaneous rehabilitation costs which were 
not covered by the other sections in this chapter. These 
costs are based on costs taken from the Handbook for 
Sewer System Evaluation and Rehabilitatiort and are 
presented in Table 6-20. 

6.122 Costs for Preliminary and 14 Analysis and 
SSES 

proximate costs involved in preliminary analyses, 1/1 
analyses, and SSES's are given in Table 6-21. 

. I3  Matrix of Problems and Applicable 
orrective Measures 

Table 6-22 lists common problems in sewer pipes with 
applicable rehabilitation method(s) for each. 

When an NTlS number is cited in a reference, that 
reference is available from: 

National Technical Information Service 
5285 Port Royal Road 
Springfield, VA 221 61 
(703) 487-4650 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Report to Congress: Hydrogen Sulfide Corrosion in 
Wastewater Goifection and Treatment Systems. EPN 
~0/9-91/0~9,  U.S. Environmental protection Agency, 
Qflice of Water, Washington, D.C. in preparation. 

Handbook for Sewer System Evaluation and 
~ehabilitation. EPA/430/9- 

mental Protection 

Brown and Caldwell. Utility infrastructure 
Rehabilitation. NTlS No. PB86-114642, Department 

ousing and Urban eveloprnent, Washington, 

American Public Works Association. Sewer Sysfem 
Evaluation, Rehabilitation and New Construction: A 
Manual of Practice. EPa/600/2-77/017d, NTlS No. 
PB-279248. U.S. Environmental Protection Agency, 
Municipal environmental Research Laboratory, Off ice 
of Research and Development, Cincinnati, Ohio, 
December 1977. 

Existir?g Se wer System Evaluation and Rehabilitation. 
ASCE Manuals of Reports on engineering Practice 

PCF Manual of Practice FD-6, American 
ngineers, Water Pollution Control 

American Public Works Association and Southern 
California Districts Associated General Contractors 
of California. Standardspecifications for Pubfic Woks 
ConstrwctEon:l991. 

Structural Performance of Nupipe. Prof. Reynold K. 
Watkins, Civil and Environmental Engineering, Utah 
State University, Logan, Utah. 

Addifional Reading 

Boyer, K.W. and V. Caballero. Rehabilitating Lakeland's 
Western Trunk Sewer. Operations Forum: 17-19, July 
I990. 

Brennan, L.N., A.A. Doyle, R.G. Fedotoff, B.J. Schrock, 
and M.P. Weber. Sewer System Rehabilitation Case 
Histories. Presented at 58th Annual Conference of the 
Water Pollution Control Federation, 1985. 

Fernandez, R. B. Sewer Rehab Using a New Subarea 
Method. Waterhgineering & Management 1 3328-30, 
February 1986. 

Farmer, H. Sewer System Evaluation and Rehabilitation 
Cost Estimates. Water & Sewage Works, April 30,1975. 



Farrar, R.R., K.R. Guthrie, and P.M. Hannan. Remote 
Chemical Sealing of the Sewer House Lateral. No-Qig 
1988, October 1988. 

Hannan, P.M. Cured-ln-Place Pipe: An End User 
Assessment. ASTM Buried Plastic Pipe Technology, 
September 1990. 

American Public Works Association. Controlof Infiltration 
and Inflow into Sewer System. 1 1022EFF 12/70, US. 
EPA, Washington, DC, NTlS No. PB-200827 (1970). 
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Glossary 

U.S. EPA 
SRF 
CDBG 
CG85 

NASSCO 
ENRCCI 
ASCE 
WPCF 
RII 
LF 
PVC 
CFR 
SSES 
CWA 

O&M 
NOAA 
wssc 
BOD 

DO 
NIOSH 
OSHA 
Service 
PE 
ASTM 
FRP 
RTR 

PL-92-500 

H2S 

so2 

T-LNk 

Infiltration 

Inflow 

United States Environmental Protection Agency 
State Revolving Funds 
Community Development Block Grant 
Construction Grants I985 
Public Law 92-500 
National Association of Sewer Service Companies 
Engineering News Record Construction Cost Index 
American Society of Civil Engineers 
Water Pollution Control Federation 
Rainfall Induced Infiltration 
Linear foot 
Polyvin ylchloride 
Code of Federal Regulations 
Sewer System Evaluation Survey 
Clean Water Act 
Hydrogen Sulfide 
Operation and Maintenance 
National Oceanic and Atmospheric Association 
Washington Suburban Sanitary Commission 
Biological Oxygen Demand 
Sulfur Dioxide 
Dissolved Oxygen 
National Institute of Occupational Safety and Health 
Occupational Safety and Health A d ~ ~ n ~ s ~ r a ~ ~ o n  
Linesewer pipes that connect building sewers to public sewers 
Polyethylene 
American Standards for Testing of Materials 
Fiberglass Reinforced Polyester 
Reinforced Thermosetting Resins 
Trade name for Ameron Liners 

The water entering a sewer system and service connections from the ground, through such 
means as, but not limited to, defective pipes, pipe joints, connections, or manhole walls. 
Infiltration does not include, and is distinguished from inflow. 

The water discharged into a sewer system, including service connections, from such 
sources, as but not limited to, roof leaders, cellar, yard and area drains, foundation drains, 
cooling water discharges, drains from springs and swampy areas, manhole covers, cross 
connections from storm sewers and combined sewers, catch basins, storm sewers, surface 
run-off, street wash waters, or drainage. Inflow does not include, and is d is t~ngu~~~ed  from, 
infiltration. 

1/1 The total quantity of water from both infiltration and inflow without ~ i ~ t ~ ~ g u i s ~ ~ ~ ~  the source. 
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VI Analysis 

Excessive 1/1 

Combined Sewer 

SSES 

Storm Sewer 

Sanitary Sewer 

Rehabilitation 

Preparatory Cleaning 

Internal Inspection 

Physical Survey 

Rainfall Simulation 

An engineering and if appropriate, an economic analysis demonstrating possible excessive 
or non-excessive 1/1. 

The quantities of 1/1 which can be economically eliminated from a sewer system by 
rehabilitation, as determined by cost-effectiveness analysis that compares the costs for 
correcting the 1/1 condition with the total cost for transportation and treatment of the I/!. 

A sewer intended to serve as a sanitary sewer and a storm sewer, or as an industrial sewer 
and storm sewer. 

Asystematicexaminationof the tributary sewersystemsor subsectionsofthe tributary sewer 
systems ination will determine the 
location, nt of the total iil problem. 

A sewer intended to carry only storm waters, surface run-off, street wash waters, and 
drainage. 

A sewer intended to carry only sanitary and industrial wastewaters from residences, 
commercial buildings, industrial plants and institutions. 

Repairworkon sewer lines, manhole and other sewer system appurtenances that have been 
determined to contain excessive 1/1. The repair work may involve grouting of sewer pipe joints 
or defects, sewer pipe relining, inversion an desliping, sewer pipe replacement and various 
repairs or replacement of other sewer system appurtenances. 

An activity of the sewer system evaluation survey. This activity involves adequate cleaning 
of sewer lines prior to inspection. These sewers were previously identified as potential 
sections of excessive V I .  

An activity of thesewer system evaluation survey. This activity involves inspecting sewer 
lines that have previously been cleaned. Inspection may be accomplished by physical, 
photographic and/or Tv methods. 

An activity of the sewer system evaluation survey. This activity involves determining specific 
flow characteristics, groundwater levels and physical condition of the sewer system that had 
previously been determined to certain possibly excessive I/!. 

The activity of the sewer system evaluation survey. This activity involves determining the 
impact of rainfall and/or run-off on the sewer system. Rainfall simulation may include dyed 
water orwater flooding of storm sewer sections, ponding areas, stream sections and ditches. 
In addition, other techniques such as smoke testing and water sprinkling may be utilized. 
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